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Abstract 
Alison Gustafson  
Food environment as a determinant 
of weight and diet change in low income North Carolina women 
 (Under the direction of Alice S. Ammerman) 
 
Recently more attention has been directed toward understanding how the environment 
may be associated with health outcomes. Research has begun to disentangle the effects the 
neighborhood may have on individuals’ risk for obesity and poor diet quality. However, few 
studies have explored measures utilizing objective and perception based methods of the food 
store environment simultaneously and, more importantly, these studies have not been able to 
determine how these measures may influence weight and diet change, especially among low-
income populations. A survey developed and tested among low-income midlife women 
participating in a behavioral weight control trial (Weight-Wise) in 6 North Carolina counties 
was used to measure perception of accessibility, neighborhood and in-store availability, and 
affordability. The food store environment was characterized with the following methods: 1) 
the number and type of food stores within a spatially defined neighborhood; 2) availability of 
healthy foods in stores where participants shop, as measured by food store audits; and 3) a 
survey capturing participants’ perception of their food store environment within their 
neighborhood and primary food store. 
Using logistic and multinomial regression, we found there were significant 
differences between perceived and objective measures at the neighborhood and store level. 
We also show that high perception of affordability is associated with consuming more fruits 
and vegetables, while living in neighborhoods with supercenters is associated with higher 
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weight and less consumption of fruits and vegetables. Finally, we find that perceived and 
objective measures of the food store environment modify the intervention effect on intake of 
fruits and vegetable.  
This research highlights the importance of measuring both perceived and objective 
measures of the food store environment. Findings suggest that both types of measures help to 
explain diet and weight status and change among low-income populations.  
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I. Introduction 
A.  Overview 
Obesity and poor diet quality continue to increase [1], especially among low-income and 
rural populations [2]. Due to the steady increase in rates of obesity, there has been growing 
attention toward understanding the role of the food environment as a determinant of diet and 
weight [3]. Yet, there are many gaps in the research aiming to disentangle the intersection 
between individuals and their environment, particularly with regard to the availability, 
affordability, and accessibility of healthy foods and the association of these variables with 
health outcomes [4]. Two recent reviews concluded that relatively little is known about how 
availability, affordability, and accessibility within the food environment are associated with 
diet quality and obesity [5-6]. Moreover, there is limited research addressing the food store 
environment among low-income and rural populations.  
Research to date has largely focused on measures that categorize the food store environment 
in an objective manner [7-10]. These objective measures typically are defined by number and 
type of stores within a defined spatial area of a resident’s home, such as a census tract. 
Despite the quality of research thus far, there are several limitations with characterizing the 
food store environment in an objective manner. The first limitation pertains to how addresses 
are collected to spatially depict food stores. Typically, research studies purchase store 
addresses from a national database, but this approach may miss many unidentified stores and 
fail to capture the true nature of the food store environment [11-14]. Additionally, studies 
have recently found that objective measures of access vary widely depending on whether the 
 2 
 
setting is urban or rural [15], which again may misrepresent the food store environment. 
However, objective measures provide a contextual understanding of how the neighborhood in 
which an individual lives may or may not exhibit an influence on diet and weight. This 
context may be helpful in understanding the broad public health impact of the food store 
environment and shaping policy changes at the community level.  
At the same time, it has been suggested that assessing individual perceptions may provide a 
more meaningful depiction of the food store environment and add more dimension to 
understanding the role of the environment in relation to diet and weight [4]. Measures of 
perception, such as surveys, aim to capture opinions or subjective thoughts about the 
environment that objective measures miss. Although measures of perception are limited in 
their ability to capture community-wide differences and are subject to measurement error, 
they may be helpful in detecting variation in availability of healthy foods and quality of food 
items where an individual lives or shops. Based on the potential importance of both 
subjective (perceived) and objective measures for explaining the intersection between 
individuals and the food store environment, it is relevant to examine both simultaneously. 
Using both types of measures simultaneously can add breadth, yet at the same time studies 
need to add depth to characterizations of the food store environment. Few studies have taken 
a comprehensive view of the food store environment, especially in rural and low-income 
populations. To gain a deeper understanding of how the food store environment is associated 
with diet and weight, it is vital to measure availability, accessibility, and affordability. 
Although studies have had mixed results when exploring associations between the food store 
environment and diet and weight [8, 14, 16], a potential reason for the discrepancies may be 
due to the various approaches used to measure the food store environment [12]. Recently, 
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researchers have suggested standardizing methods for measuring food availability within 
stores, especially where individuals shop [17].  
Lastly, research examining the food store environment and its association with weight and 
diet needs to move beyond cross-sectional analysis. A unique concept is to understand how 
the food store environment may potentially modify the relationship between an individual-
level intervention with weight and diet. To date, however, most intervention studies have had 
limited ability to capture the food environment in which participants live [18]. Of the small 
number of interventions addressing the environment, the research has primarily focused on 
the physical or built environment, measuring associations with physical activity [19-20]. For 
individual level interventions aimed at behavior change, measures of the food store 
environment appear to be worthy of consideration. 
By capturing availability, accessibility, and affordability and using both perceived and 
objective types of measures of the food store environment, this study provides a 
comprehensive analysis and adds a more complex understanding of how the food store 
environment is associated with weight and diet. Based on the need for 1) simultaneous 
measurement of perceived and objective type measures; 2) comprehensive measurement of 
the food store environment at the individual and neighborhood levels; and 3) interventions to 
examine the food store environment as a modifier, the following are the research aims of this 
dissertation.  
B. Research Aims 
The overarching goal of this research project was to determine how perceived and objective 
measures of the food store environment are associated with diet and weight among low-
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income women.  Utilizing several methods at the individual and neighborhood level this 
project hypothesized that both perceived and objective measures would explain different 
constructs associated with diet and weight. To test this hypothesis the following aims were 
constructed: 
Aim 1: Determine the similarities and differences between perceived and objective 
measures of the food store environment among low-income women in North 
Carolina.  
Aim 2: Determine the cross-sectional association between baseline perceived and objective 
measures of the food store environment in relation to diet and weight status among 
low-income women in North Carolina. 
Aim 3: Determine if the intervention effect of weight and diet quality change will be larger 
among those with higher baseline perceived and objective measures of the food store 
environment. 
  
 
II. Literature Review 
A. Importance of Addressing Obesity and Diet Quality 
The prevalence of overweight and obesity in the US continues to rise by epidemic 
proportions [1, 21]. Based on data from the most recent NHANES survey (2005-2006) the 
prevalence of overweight (BMI ≥ 25) and obesity (BMI ≥ 30) among US adults ages 20 and 
older was 65% and 31%, respectively. However, there are major disparities in overweight 
and obesity by race and sex.  Among women ages 40-59, the prevalence of overweight or 
obesity was 65% for non-Hispanic whites as compared to 88% for non-Hispanic blacks. 
Moreover, non-Hispanic black females in this age range were more than twice as likely as 
their white counterparts to be extremely obese (BMI ≥ 40) (16% vs. 7%). Additionally, there 
are higher obesity rates among low- versus high-income groups, with the association 
differing by gender and race [22-24].   
The causal pathway of obesity suggests that diet plays a major role in the development and 
management of morbidities such as diabetes, hypertension and osteoporosis [25]. The 
percentage of energy from total fat and saturated fat in diet has decreased between 1999 and 
2002 in the US, while calories and energy density have continued to increase [26]. In 
addition, intakes of fruit and vegetables among Americans fell significantly below national 
recommendations. From 1999-2000, only 40% of Americans ate an average of five or more 
(1/2) cup servings of fruits and vegetables (F/V) per day [27]. Overall there are trends for 
poor diet quality in the US among certain subgroups of populations, with low income 
individuals reporting poorer diet quality compared to their higher income counterparts [28]. 
People in households with more than $25,000 in annual income consume fewer daily 
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servings of starchy vegetables (1.28 vs 1.41), more dark-green vegetables (0.29 v 0.2), and 
more orange vegetables (0.2 vs 0.16) than people in households with less than $25,000 in 
annual income [29]. It is suggested that low-income residents have a reduced purchasing 
power due to their limited ability to purchase price elastic products such as fruits and 
vegetables [30]. Currently in low income populations, only 23% and 42% meet the 
recommendations for fruits and vegetables, respectively [31]. Additionally, low-income 
populations are less likely to make food choices consistent with dietary guidelines [32] and 
report being aware of not adhering to the Department of Health and Human Services and 
United States Department of Agriculture’s recommendations for fruit and vegetable intake 
[33]. While dietary behavior has traditionally been viewed as a function of individual choice, 
the ecologic perspective questions the extent to which the nutritional environment may 
facilitate or present barriers to health-promoting individual behaviors[34]. Given the rise in 
rates of obesity, coupled with its economic [35] and health consequences, a growing body of 
research has started to examine diet quality and risk for obesity as it relates to the food 
environment [13, 36-37].   
B. Food Environment and the Association with Obesity 
Despite growing interest in the association between food environments and obesity, little 
attention has been given to examining the interaction of individuals’ perceived [4] or 
objective measures of their food environment in relation to weight change and diet quality [8, 
38-41].  Both perceived and objective measures provide unique information about the food 
environment at the individual and neighborhood level in relation to weight and diet change. 
How one perceives their food environment  with respect to access and availability to food 
stores may impact their behavior through purchasing habits [42], frequency of shopping [43], 
and motivation to buy and prepare healthy meals. Perception-based measures, such as 
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individual surveys, may be helpful in detecting variation in healthy foods available and 
quality of food items where an individual lives or shops. Objective measures, such as 
neighborhood store type and in-store audits of food availability, can capture neighborhood-
level food availability not assessed by individual level perception-based measures, giving a 
broader context for the potential environmental effects on diet and weight [4]. Research has 
shown that perceived and objective measures of food environment explain different 
individual and contextual factors associated with weight [4, 16]. Based on the potential 
importance both of these factors have in weight and diet, this study fills a gap in determining 
the association between perceived and objective measures of the food environment in relation 
to diet and weight change. 
C. Socio-ecologic Framework for the Food Environment 
The socio-ecologic framework of health promotion developed by McLeroy [44] postulates 
that health-related behaviors are determined by five categories of factors: individual, 
interpersonal, organizational, community, and policy. This model assists in explaining how 
efforts are needed at all levels of the framework to improve an individuals’ health. Recently 
socio-ecological models of health behavior have drawn attention to  environmental 
influences on nutrition behaviors [45]. It is suggested that changes in policy can drive 
changes in the environment [46], which can in turn reach multiple levels of the socio-
ecological framework—community, organization, and individual. Policies that are suggested 
to help improve access and availability include fee waivers and tax abatements for increasing 
availability of supermarkets in underserved neighborhoods, providing shuttle services to 
stores and developing transportation options to improve access for low-income residents 
[47]. Exploring the food environment through the various levels of the socio-ecological 
 8 
framework can help elucidate our understanding of the relationships and interactions among 
individuals and their food environment in relation to weight and diet.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Socio-ecological framework, obesity, and diet 
 
D. Conceptual Model for Linking Obesity, Diet Quality, and Food Store Environment 
Based on the literature, it is hypothesized that the following model may explain the linkages 
among the food environment, diet, and weight change.  
 
 
Policy
CommunityCommunity
Organization
Interpersonal
Individual
1. Barriers to F/V Intake 
(e.g.,cooking skills, 
convenient packaging)
2. Purchasing Habits of 
F/V
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(accessibility, 
availability, and 
affordability)
Availability (# 
and type of 
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Access to Food 
Stores in 
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Food Availability 
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Figure 2. Conceptual Model Obesity, Diet, and Food Store Environment 
E. Measures of Food Environment and the Association with Diet Quality and BMI. 
Food Store Accessibility 
Lack of access to healthy foods in economically and socially disadvantaged neighborhoods is 
hypothesized to contribute to a lower intake of fruits and vegetables [39, 48].  Objective 
measure studies of the food environment have found neighborhoods or individuals with 
greater access to supermarkets have higher intake of fruits and vegetables [7, 49-50].  Those 
living within 1 mile of their principal food store consumed about 65 grams more fruit per day 
compared to those living greater than 5 miles away [40]. Additionally, others found increased 
access to chain supermarkets was associated with lower adolescent BMI [51]. However, in 
several studies conducted in Australia and the United Kingdom better access to 
supermarkets, defined as travel time, was not associated with consumption of the 
recommended daily intake of vegetables [52-53]. Perceived measure studies of accessibility 
have also shown conflicting results. Participants who perceived their neighborhoods as 
ranking poorly in food accessibility were less likely to have a healthy diet than those in the 
Objective Food Store 
Environment 
Intervention 
Perceived Food Store 
Environment 
Diet Weight 
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best-ranked areas [16]. Another study found that among those who did not have access to a 
car (45%), only 32% reported eating 5 or more servings of fruits and vegetables per day 
compared to 68% among those who did have access to a car (55%) [54]. However, in the 
same study, very few respondents voiced a concern about difficulty in visiting a supermarket 
(less than 10%). Given the inconsistent study findings, more research is needed to examine 
whether perceived accessibility is related to diet and weight.   
 
Healthy Food Affordability 
Another element within the food store environment which may impact food purchasing and 
intake is perceived and measured affordability of healthy foods where a person shops. Stores 
located in low-income neighborhoods, generally smaller or convenience stores, have been 
found to have higher prices for a variety of healthy food options relative to stores in higher-
income neighborhoods [55].  Also, the warehouse and super-center food stores which tend to 
have the lowest prices [56] have largely bypassed low-income and urban neighborhoods [57]. 
In addressing perceived affordability from the consumer perspective, which might be more 
relevant than the objective measure of price, low-income consumers frequently cite 
unavailability and higher prices among the constraints to eating a healthier diet [58-59].  
Specifically, low-income consumers report that fruit and vegetable prices are a barrier to 
consumption [58, 60].  Yet, among a small sample of African American women in Detroit, 
perceived affordability of fresh produce was not associated with fruit and vegetable intake 
[9]. Additionally, low-income consumers in the United Kingdom reported that lack of money 
did not prevent them from eating a healthy diet [54].  
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Findings suggest that diet quality may be related more to store types where respondents shop, 
perception of access to the store, and perception of availability of foods within the store, 
rather than any one single measure. Yet, given the lack of methods measuring affordability, 
especially among low-income women, further research is warranted.  
Perceived Neighborhood Availability 
Although perception of accessibility and affordability of food stores is important, another 
relevant aspect of the food environment is perceived neighborhood availability of healthy 
foods. How one perceives their neighborhood may have effects on where they shop and how 
often they shop, which can in turn influence their dietary habits and weight control efforts. 
To date there are only two reported studies conducted on perception of neighborhood food 
environment and diet quality [16, 61].  Results found that in general, minorities and low-
income respondents reported lower perceived neighborhood availability of healthy foods 
(fresh fruits and vegetables, and low-fat products) compared to whites and higher income 
respondents, respectively. Additionally, those who rated their environment ”worst” in food 
availability were 22-35 percent less likely to have a healthy diet relative to those who 
perceived their neighborhood as “best” in food availability. Results of these two studies 
suggest perception of one’s neighborhood may have an influential effect on diet quality and 
justifies assessing this perceived measure.  
 
Perceived In-Store Availability 
In addition to the above mentioned perception measures, a key element for determining the 
interaction between environment and weight and diet is examining the role of perception of 
in-store availability of healthy foods. To date there is limited evidence regarding perceived 
in-store availability and any association with diet quality and specifically weight change, and 
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even less evidence among low-income populations. Most research studies have focused on 
objective food store audits in a specified neighborhood as a way to characterize the 
nutritional quality of stores  rather than perception based measures of the store where 
respondents report shopping [41, 55]. Of the limited studies on perception in the U.S., two 
have shown that lower socioeconomic groups perceive that some recommended foods (i.e., 
food choices lower in fat, saturated fat, sugar, salt, or higher in fiber) are not always available 
where they shop;[62-63] but these studies did not include measures of association between 
weight or diet with perception. To date, one study conducted in Australia among low- and 
high-income groups found that perceived in-store availability made a small contribution to 
explaining the less healthy food purchasing choices [10]. Yet, this study did not select fruits 
and vegetables or low-fat items common in the US. The approach of examining perceived in-
store availability where the respondent shops are helpful with regards to examining the 
moderating role of food availability patterns. This study provides an opportunity to 
understand how people’s perception of in-store food availability may influence weight and 
dietary change. 
 
Neighborhood Availability 
Although perception-based measures are useful in explaining individual level constructs, 
objective measures provide information at the environmental level within the socio-
ecological framework that cannot be captured with individual level surveys. Stores within a 
neighborhood may sell a wide variety of produce depending on neighborhood characteristics 
[50]. Neighborhood socio-economic and racial composition characteristics have been 
observed to be associated with the location of type of food stores[7, 64],  and availability to 
fresh produce[49]. In the US, supermarkets generally carry a wide variety of foods at lower 
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prices [65]. In low income socio-economic neighborhoods, supermarkets are found less 
frequently, whereas small grocery stores and convenience stores, often carrying mostly less 
healthy foods compared to supermarkets, are found more often [16].  In addition, several 
studies have found associations between objectively measured availability of supermarkets 
and healthier food intakes [38-39, 66], with greater availability of convenience stores being 
associated with higher BMI and overweight status [51]. Yet all of the above studies were 
conducted in cross-sectional studies, which make a temporal relationship difficult to 
establish. Although there is significant research to suggest an association between 
neighborhood food store availability and diet, these studies have not been conducted in 
randomized controlled trials.  
 
Objective In-store Availability  
In addition to the general availability of certain types of stores within neighborhoods, what is 
available within these stores may be a determinant of dietary intake. The in-store 
environment and its effect on consumption has been the subject of considerable research, but 
this work has been largely confined to the field of marketing [41]. Most food store 
environment research has addressed accessibility and availability at the neighborhood level 
and has not included in-store food availability where respondents shop. Although recently 
there has been validation of in-store audit tools[67], to date there are limited published 
studies using this tool where a respondent shops [68]. Additionally, most studies conducting 
store audits have not been able to make associations between in-store availability, diet quality 
and BMI [29, 69].  However, one study found the amount of shelf space for snack foods in 
supermarkets where individuals shop is associated with a higher BMI [70]. Capturing in-
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store availability provides a more insightful method to understand what actual food is 
available for purchase and consumption, rather than what types of stores are available at the 
neighborhood level.  
 
F. Summary 
Few studies have looked at objective and perceived measures of the food environment 
simultaneously, and more importantly these studies have not been able to measure how the 
environment may influence weight and diet over time, especially among low income 
populations. The proposed research fills an important gap in our understanding of how 
perceived and objective measures of food environment may be associated with weight and 
diet among low-income populations. To understand the role of the food environment, this 
study will examine how perceived neighborhood accessibility and availability and in-store 
food availability and affordability may modify the relationship between intervention and 
weight and diet change. In addition, we will examine the objectively measured neighborhood 
food environment and in-store food availability as a modifier in the same relationship. To 
date most weight loss interventions have not simultaneously examined the role of perceived 
and objective measures of the food environment in weight and diet change success, 
especially among low-income women. The proposed study aims to provide information for 
future interventions and policy development aimed at reducing obesity by highlighting the 
importance of the food environment on diet quality and weight change.  
  
III. Methods 
A. Weight Wise Data Set Overview 
Weight-Wise is an evidence-based intervention which is being tested for translational 
research in 6 health departments in North Carolina. The research study used the existing 
federally funded community level intervention dataset to understand the role of the food 
environment as a determinant in weight and diet change with low-income women 
participating in a weight-loss intervention.  
Weight-Wise Study Population 
The Study population consists of low-income overweight or obese women 40-64 years of age 
who meet the following inclusion criteria: 1) BMI > 27.5; 2) willing to lose 5% or more of 
initial body weight and follow recommendations for healthy dietary and physical activity 
patterns; 3) English-speaking; 4) able and willing to give informed consent. Exclusion 
criteria: 1) medical or physical limitations to engaging in moderate level physical activity; 2) 
medical or other contraindications to weight loss; 3) history of gastric bypass surgery or 
scheduled surgery for this purpose; 4) weight loss of >20 lbs in the last 3 months; 5) current 
use of medication for weight loss, or treatment of psychosis.  
Weight-Wise Study Design 
Weight-Wise is randomized controlled study design, used to test the effectiveness of a 16-
week evidence-based behavioral weight management intervention. Weight-Wise is 
conducted in 6 counties in North Carolina; Pasquotank, Davidson, Forsyth, Lincoln, Nash, 
Warren with a staggered start beginning in January/March 2009 and ending in August 2009. 
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Eligible participants are measured at baseline and then randomized to either delayed 
intervention (DI) group or the special intervention (SI) group, which will receive the 16-week 
intervention. The weight loss goal for the study is 10 or more pounds (≥4.5kg).  
Weight-Wise Intervention 
The components of the intervention are based on previously developed and tested 
intervention materials. Diabetes Prevention Program leader’s guides[71] and adaptations of 
the PREMIER[72] guides for the Weight Loss Maintenance (WLM) trial were further 
adapted for low income midlife women.  
Group sessions 
Weekly group sessions include 1.5 to 2 hours of face to face delivery in the following format: 
Check-In, Session Topic (E.g. stress, eating out, or portion sizes), Activity related to diet or 
physical activity, and Goal-setting and action planning.  
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Figure 3. Weight-Wise Study Flow Diagram 
 
Baseline Measurements (N=189)  
Outcome Variables 
1) Weight 
a. Pounds (lbs) 
b. BMI (kb/m²) 
2) Diet 
a. Fruit and Vegetable Intake – Block Screener 
Exposure Variables 
1) Perceived Food Environment Measures (Appendix A for Survey) 
a. Neighborhood Availability – healthy food available in neighborhood 
b. In-Store Availability – healthy food available in primary food store 
c. Accessibility – miles and minutes traveled to primary food store 
d.  Affordability – healthy food is affordable in primary food store 
      2) Objective Food Environment Measures 
aa ...    Neighborhood Availability – number and type of stores in women’s neighborhood 
bb ...    In-Store Availability – number of healthy foods available collected through food store tally sheet (Appendix 
B for audit) 
cc ...    Accessibility – network miles calculated from home to primary food store 
 
 
Randomize* 189 Women at 6 
Local Health Departments 
Weight-Wise Intervention 
(N=126) 
Wait-listed Control Group (N=63) 
 16 weekly group sessions focusing 
on diet and physical activity  
5-M Weight loss Follow-Up Measurements (N=189) July and September 2009 
Outcome variables-Weight, diet,  
Exposure Variables 
1) Perceived Food Environment Survey collected (Availability, Accessibility, and Affordability) 
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B. Measures of perception within the food store environment  
The perception based food store environment survey was adapted from previously tested and 
validated questions, which used the term “perceived”,  conducted in North Carolina, New 
York, Texas, and Michigan[16, 73]. Questions were cognitively tested for readability and 
understandability among a sample of 10 low-income midlife women who are similar in 
demographics to Weight-Wise participants. Questions were tested for face validity among 
experts who have contributed to the survey design and other relevant content experts. These 
verbatim “perceived” questions have been shown to be valid and reliable in a similar 
population: Multi-Ethnic Study of Atherosclerosis, United States, 2000-2002 (Cronhbach’s α 
= 0.78 for internal validity and 2-week test re-test reliability intraclass correlation coefficient 
= 0.69)[73]. All perception based questions were graded on a five-point Likert scale 
(0=strongly agree – 4=strongly disagree), reverse coded, and aggregated into a summary 
score. 
 
Definition of Variables 
In-Store Availability 
To measure food availability within the store where an individual shops, first where the 
individual conducts their primary food shopping was asked. Second, the following questions 
were asked assessing the availability of the following foods; low-fat meats, low-fat dairy, 
fruits and vegetables, and whole grain cereal and bread.  
 
Neighborhood Availability 
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To measure neighborhood availability of healthy foods where an individual lives a three part 
question was asked assessing availability of low-fat items, fruits and vegetables, and quality 
of food. 
Accessibility 
To measure accessibility individuals were asked how many miles and minutes it takes to 
travel to their primary store. Since 97% of women reported owning a car, car ownership was 
excluded as part of the access variable.  
Affordability 
To measure affordability women were asked to the extent they perceived low-fat meats, low-
fat dairy, fruits and vegetables, and whole grain breads and cereals were affordable in the 
store they shopped in.  
Strengths and weaknesses of measures capturing perception 
The perceived measures used aim to capture the food store environment from various 
dimensions. Most studies have relied on perceived measures capturing access or availability; 
few studies have been able to measure all domains of the food environment. Perceived 
measures provide context for how an individual reacts or responds to their environment 
which objective measures cannot capture. In our study the perceived measures used had high 
validity and internal reliability scores, however all self-report responses are subject to bias 
and misclassification. Participants were asked about resources within 5 miles of their home; 
if participants misestimate the geographic area of their home, this misestimating may 
introduce misclassification. Additionally, perception of neighborhood and store are clearly 
influenced to a lesser or greater extent by subjective experiences, personal behaviors, 
cultural, economic, and regional variations. However, given the strengths and weaknesses of 
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perceived measures it still stands to reason capturing both perceived and objective measures 
provides breadth and depth to understanding the association between the food environment 
with diet and weight.  
 
C. Objective Measures 
GIS Data Base 
Home Addresses 
Individual home addresses were obtained from women at the start of the Weight-Wise study. 
Home addresses were geocoded using Juice Analytics software. 94% of women’s home 
addresses were matched to their exact home address. 6% of the women’s home addresses 
could not be found but were matched to the street on which they reside.  
Food Store Addresses 
Food store addresses were collected from Info USA in August 2008 and August 2009 to 
assure accuracy. Food stores were classified based on supplemented Standard Industrial 
Classification codes (SIC codes) as used by previous studies to allow for comparisons [39, 
74], across the following categories; supercenters (e.g., Super Walmart) were identified with 
code (SIC 531102), convenience stores (SIC 541102, 541103) and supermarkets and large 
chain grocery stores combined (SIC 541101, 541104-541106). Final GIS data base consisted 
of women’s home addresses and food store addresses by type.  
Spatial Analytical Methods 
Three methods were used to identify an individual’s food store environment within their 
neighborhood.  
1) Each individual’s home address was mapped or located within their census tract [39]. An 
overlay was added for the number and type of stores within an individual’s census tract. A 
 21 
count for the number of each type of store was created for each women within her census 
tract.  
2) 5 mile buffer zones using a Euclidean (circular) buffers are areas within a given straight-
line distance from each respondent’s residence [19].  
3) 3, 5, and 10 minute network motorized drive time defines the neighborhood as the area 
within a give distance along the street networks[75-76].  
 
Strengths and weaknesses of each neighborhood definition 
All three types of neighborhood definitions have been used in the literature and provide an 
objective measure of an individual’s neighborhood. How one interacts with their 
neighborhood or perceives what resources are available may not be reflective in any of the 
objective measures currently used. Therefore all three measures provide meaningful 
information as to understanding the food environment. For this study we analyzed perceived 
and objective measures using all three types of spatial boundaries. Results indicated that 
there were not significant differences between census tract and 5 mile buffer Euclidean 
zones. There were no results using the network motorized drive time with any of the outcome 
measures.  
 
Network motorized drive time and buffer zones potentially providing a truer measure of 
proximity compared to administrative derived census tracts. Both network and buffers 
provide comparable neighborhood sizes and explicitly place the location of residence in the 
center of the neighborhood, thus avoiding misclassification related to administratively 
defined neighborhoods.  
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However, a geographic definition of neighborhood that is too vast, such as buffer zones, 
might mask relevant variation and be subject to large scale residual confounding. On the 
other hand, a restrictive geographic definition, such as census tracts, could exclude from 
consideration hazards and resources in the broader environment that affect health and 
behavior. The hypothesized mediators of the association between neighborhood context and 
health may dictate which geographic scale is most relevant [77]. For example, social 
interactions may be supported by the characteristics of a small area, such as one’s block, 
whereas restaurants and stores across a larger area may provide access to healthy foods [78]. 
An optimal scale might correspond with participants’ subjective neighborhood boundaries, 
such that perceived neighborhood characteristics are well approximated [79]. Studies have 
reported that perceived and objective measured features are most highly correlated within 
small areas, such as one kilometer radial buffers [80] or zones with 500 residents [81].  
 
Based on this study results comparing all three measures with perceived measures it would 
appear that census tract or radial buffers are most appropriate. Additionally, the distribution 
of data as well as consideration from the literature[47] census tract was used for modeling the 
association between neighborhood availability and diet and weight.  
 
Food Store Audit 
Specific food stores where women shop were identified from a survey question asking “What 
is the name and street of the grocery store where you do your primary shopping?” 
Information on the location of the food stores named was obtained from the survey with 
confirmation being conducted by ground truthing (direct observation of food store addresses) 
[12, 82]. The in-store food availability survey was modified from the Nutrition Environment 
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Measures Survey in Stores (NEMS-S) [67] to reflect the purchasing habits of the Weight-
Wise study population, specifically low-income women living in the South. The 
modifications of NEMS-S was based on purchasing habits data from Bureau of Labor 
Statistics [83] and from the USDA Continuing Survey of Food Intakes by Individuals 
(CSFII) and thus included adding frozen and canned goods, pork, and excluding baked 
goods[84]. In the Spring and Summer of 2009, stores (n=80 all store identified) where the 
women reported doing their primary food shopping, were assessed on availability of nine 
food groups from NEMS-S and with considerations stated above nonfat/low-fat milk, fruits, 
vegetables, low-fat meats, frozen fruits and vegetables, canned vegetables, 100% whole 
wheat bread, and non-sugar sweetened cereals. The in-store food survey was conducted at the 
time participants were enrolled into study. All stores were surveyed between 9 AM and 4 PM 
on weekdays to maintain consistency relative to stock on the shelves between stores. A tally 
sheet was used to determine if the food item was available in the store at the time of the audit 
or not. Each food item received one point for being available in the store. The range for 
healthy food availability in stores is 0 to 37 points, with a higher score indicating a greater 
availability of healthy foods.  
Strengths and weakness of store audit tool 
There are several limitations with the modified version of NEMS-S. First, quality of food 
was not collected nor shelf-space of fruits and vegetables or high energy dense snack foods at 
the store level. Previous studies have shown that shelf-space of snack foods at the individual 
store level is associated with higher BMI [40]. The inclusion of both perceived and 
objectively measured quality and shelf-space perhaps would improve sensitivity of the food-
store availability tool [85]. Second, there was inclusion of frozen and canned goods deemed 
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healthy and appropriate for low-income populations to purchase, which may inflate the score 
value for each store.  
 
The strengths of using the modified NEMS-S tool is that NEMS-S has been previously 
validated and tested for reliability [67]. Additionally, use of NEMS-S provides strength for 
future research in standardizing store audit tools. 
  
 
IV. Comparison of Perceived and Objective Measures of the Food Store Environment 
among Low-Income Women in North Carolina 
 
A.Abstract 
Background: Given the rise in rates of obesity, researchers have begun to examine the 
relationship between obesity and the food environment. Little is known about the degree to 
which perceived and objective measures of the food store environment contribute to a better 
understanding of an obesity/environment relationship. This study aims to examine the 
similarities and differences between perceived and objective measures of the food store 
environment among low-income women in North Carolina. 
Methods: The local food environment of weight loss study participants was characterized in 
three ways: 1) the number and type of food stores within the spatially defined neighborhood; 
and 2) availability of healthy foods in stores where participants shop, as measured by food 
store audits; and 3) an aggregate score of self-reported access (miles to store), and 
availability of healthy foods in their neighborhood and primary food stores (perceived 
measures). 
Results: Logistic and multinomial regression was used for the following results. Women 
perceived their neighborhood and their food store above average in healthy food availability 
(mean 8.2 points out of 12 and mean 12.6 points out of 16, respectively). Comparing 
perceived with the objective measure of neighborhood availability indicate that women with 
at least one supercenter in their census tract had greater odds of perceiving their 
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neighborhood high in availability of low-fat foods [OR: 4.19 (95% CI 1.18, 14.81)], and high 
in quality [OR: 3.22 (95% CI 1.16, 8.94)] compared to those with no supercenter in their 
census tract. comparing perception of availability of healthy foods at within food stores with 
the objective measure of availability of healthy foods at the store indicate the probability of 
perceiving the food store high in healthy food availability when the objective food store score 
was high  was 0.22. The probability of perceiving the food store medium in availability when 
the objective food store score was high was 0.54. Conclusion: This study highlights the 
similarities and differences found between perceived and objective measures of the food 
store environment. These findings highlight the need for both types of measurement at the 
individual and neighborhood level in order to gain a better understanding of the association 
between environment and obesity risk.
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B.Introduction 
The prevalence of overweight and obesity in the US continues to rise in epidemic proportions 
[1, 21]. Based on data from the most recent NHANES survey (2005-2006), the prevalence of 
overweight (BMI ≥ 25) and obesity (BMI ≥ 30) among US adults (ages 20 years and older) 
was 65% and 31%, respectively. Given the rise in rates of obesity, a growing body of 
research has started to examine the relationship between obesity and the food environment 
[36-37, 86]. The food environment has been identified as an upstream avenue in the pathway 
for obesity prevention[87].  
Despite growing interest in the association between food environments and obesity[3], little 
is known about the degree to which perceived [4] and objective measures of the food store 
environment [8, 38-40, 65] contribute to a better understanding of this relationship. Studies 
conducted to date suggest, however, that perceived and objective measures can provide 
unique information about the food store environment at the individual and neighborhood 
levels. For example, how individuals perceive their food environment with respect to access 
and availability to food stores may have an impact on their behavior through purchasing 
habits [42], frequency of shopping [43], and motivation to buy and prepare healthy meals. 
Perception-based measures, obtained through individual surveys, also may be helpful in 
detecting variation in availability and quality of healthy foods where an individual lives or 
shops. Objective measures include neighborhood store type (collected with addresses from 
national data bases) and in-store audits of food availability; these indicators can capture 
neighborhood-level food availability not assessed by individual-level perception-based 
measures, providing a broader context for the potential effects of environment on obesity [4].  
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To date, studies using perceived and objective measures of the food environment have been 
able to explain limited associations between environment, diet and weight [4, 16]. Studies 
relying on objective measures of the food environment suggest that neighborhoods or 
individuals with greater access to supermarkets have a higher intake of fruits and vegetables. 
[7, 9, 88]. In one study, those living within 1 mile of their principal food store consumed 
about 65 grams more fruit per day (about ½ serving) compared to those living greater than 5 
miles away. [40] Using perceived measures, studies have found that individuals who rated 
their neighborhood poor in food availability were 22-35 percent less likely to have a healthy 
diet (based on the Alternate Healthy Eating Index [89]), relative to those who perceived their 
neighborhood as “best” in food availability [4].  
To date, there is little published research using both types of measures to understand the 
intersection between individuals and their food store environment. Moreover, few studies 
have taken a comprehensive view of the food store environment combining individual and 
neighborhood factors. Based on the potential importance of both of these factors in helping to 
explain obesity risk, this study aims to highlight the similarities and differences between 
perceived and objective measures of the food store environment at the individual and 
neighborhood levels.  
C.Methods 
Study Sample 
Individual level data were obtained by survey from women enrolled in a weight loss 
intervention trial (Weight-Wise) before the intervention began. Weight-Wise is an evidence-
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based behavioral weight loss intervention shown to be effective in low-income women [90]. 
Participants were uninsured women age 40 to 64 years, with incomes at or below 200% of 
the federal poverty level, who had a body mass index between 27.5 and 45 kg/m² inclusive. 
Women were recruited from 6 county health departments in North Carolina (Davidson, 
Forsyth, Lincoln, Warren, Nash, and Pasquotank) representing 3 counties in the eastern part 
and 3 counties in the western part of North Carolina. Four of the six counties are classified as 
non-metro; while 2 are classified as metro[91] based on rural-urban continuum codes. A total 
of (n=189) women were enrolled in the intervention study. Details of the study design, 
intervention components, and baseline characteristics have been published elsewhere [90]. 
The University of North Carolina School of Medicine Institutional Review Board approved 
this study.  
 
Measurement of Participants’ Food Environment 
The food environment of participants from the total sample of the Weight-Wise study was 
characterized in three ways: 1) the number and type of food stores within the census tract; 2) 
availability of healthy foods in stores where participants shop, as measured by food store 
audits; and 3) an aggregate score of self-reported access to healthy foods in the primary food 
store, and availability of healthy foods in their neighborhood and primary food stores 
(perceived measures). Each of the following measures is described in detail below. 
 
Objective Measure of Neighborhood Store Availability 
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To measure neighborhood store availability, several data collection steps were taken. First, 
data on the number and type of food stores in all 6 counties were obtained from InfoUSA, 
Inc. (Papillion, Nebraska) in August 2008 and 2009 to assure accuracy in address over 
repeated times. Food stores were classified based on supplemented Standard Industrial 
Classification codes (SIC codes) as used by previous studies to allow for comparisons [39, 
74] across the following categories; supercenters (e.g., Super Walmart) were identified with 
code (SIC 531102), convenience stores (SIC 541102, 541103) and supermarkets and large 
chain grocery stores (SIC 541101, 541104-541106).  
 
Second, to assess number of stores in each participant’s neighborhood, home addresses were 
geocoded and matched to 2000 U.S. census tracts using Juice analytics software 
(http://www.juiceanalytics.com) and ArcMap (ArcGIS v.9.2, ESRI, Redlands CA, 1999-
2004). The match rate for home addresses was 94%; 6% of women’s home addresses could 
only be found at the street level. Lastly, the objective neighborhood availability variable was 
categorized in three ways to assess the differences between various objective measures 
relative to how one perceives their neighborhood.  
Categorization of objective neighborhood 
First, neighborhood was defined using census tracts for each individual’s home based on 
previous literature [39]. The variable was dichotomized as a yes for having at least one store 
for each type of store in census tract and no for having none of that store type. Second, 
neighborhood was defined by creating a 5 mile Euclidean (circle) buffer zone around each 
individual’s home [19]. The variable was categorized into low, medium, and high for store 
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density within a 5 mile buffer zone around each participants home, with different cut points 
for each store type. Third, neighborhood was defined by calculated network drive time by 
motorized transport between where an individual lives and various types of stores [15]. The 
variable was dichotomized as low for having a calculated network distance drive time of less 
than five minutes to store and high for five to ten minutes to store [40].  
 
Objective Measure of Food Availability in Primary Food Store 
Specific food stores where women shop were identified from a survey question asking “What 
is the name and street of the grocery store where you do your primary shopping?” 
Information on the location of the food stores named was obtained from the survey and 
confirmed using ground truthing (direct observation of food store addresses) [12, 82]. The in-
store food availability survey was modified from the Nutrition Environment Measures 
Survey in Stores (NEMS-S) [67] to reflect the purchasing habits of the Weight-Wise study 
population, specifically low-income women living in the South. The modifications of 
NEMS-S was based on data about purchasing habits from Bureau of Labor Statistics[83] and 
on the USDA Continuing Survey of Food Intakes by Individuals (CSFII) and thus included 
adding frozen and canned goods, pork, and excluding baked goods [84]. In the Spring and 
Summer of 2009, all identified stores (n=80) where the women reported doing their primary 
food shopping, were assessed on availability of nine food groups: nonfat/low-fat milk, fruit, 
vegetables, low-fat meats, frozen fruit and vegetables, canned vegetables, 100% whole wheat 
bread, and non-sugar sweetened cereals. The in-store food survey was conducted at the time 
participants were enrolled into study. All stores were surveyed between 9 AM and 4 PM on 
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weekdays to maintain consistency relative to stock on the shelves between stores. A tally 
sheet was used to determine if the food item was available in the store at the time of the audit 
or not. Each food item (total of 37 items) received one point for being available in the store. 
The range for food store availability is 0 to 37 points, with a higher score indicating a greater 
availability of healthy foods. Food store availability was categorized as low, med, high 
(tertiles) based on distribution of data and for comparison across other studies [68].  
 
Measure of Perceived Healthy Food Availability and Accessibility, in Neighborhoods and 
Primary Food Stores 
Participants’ self-report of their local food environment was collected via a phone survey 
after enrollment into Weight-Wise but before the intervention began. The survey questions 
were used to measure perceived access and availability of healthy foods in each person’s 
neighborhood (defined as the area approximately 5 miles around her home), as well as 
availability in their primary food store. Each measure is described in detail below. 
Neighborhood Healthy Food Availability 
To assess perceived neighborhood healthy food availability participants were asked the 
extent to which they agreed with the following statements for their neighborhood: 1) “a large 
selection of fruits and vegetables is available in my neighborhood;” 2) “a large selection of 
low-fat products is available in my neighborhood;” and 3) “the fruits and vegetables in my 
neighborhood are of a high quality.”  
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In-Store Healthy Food Availability  
Participants were then asked the extent to which they agreed with the following statements 
for their primary food store: 1)”A large selection of fruits and vegetables is available; 2) “A 
large selection of low-fat meat products is available (90% lean beef, skinless chicken)”; 3) 
“A large selection of brown breads is available”; and 4) “A large selection of low-fat cheese 
or skim milk is available”. Responses to all questions were coded on a five point Likert scale 
(0=strongly agree; 1=agree; 2=neither agree nor disagree; 3=disagree; 4=strongly disagree). 
The total possible score on this measure was 0 to 16 with a higher score indicating higher 
perceived availability or affordability. The neighborhood availability questions have 
previously been tested for reliability and validity and described elsewhere [16, 73]. The food 
store availability questions were adapted from the neighborhood questions, pre-tested for 
understanding among 10 low-income women in a rural community in North Carolina, and 
adapted based on responses. 
Responses from both neighborhood questions and food store questions were summed into 2 
separate summary scores: neighborhood availability and food store availability and then 
categorized into high, medium, and low availability (tertiles) based on non-normal 
distribution of data.  
Accessibility 
Access was defined in two ways 1) objective potential spatial access which was assessed by 
determining the network distance along the roads from participant’s home to primary food 
store and 2) perceived access by asking length of time and distanced traveled to the primary 
food store.  
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A dichotomous variable was created to group access into easy or difficult access based on bi-
modal distribution of data. Easy access was defined as living less than 5 miles or less than 10 
minutes travel time to the primary food store. Difficult access was defined as living 5 miles 
or greater or 10 minutes or greater to the primary food store. The cut points of 5 miles or 10 
minutes correspond approximately to the mean response, and are also consistent with the cut 
points used in previous literature[40]. To test the sensitivity of the results to these particular 
cut points, cut points at 3 and 7 miles were tested against 5 miles, including setting different 
cut point levels for urban and rural respondents. The main associations did not change 
substantially based on the alternative cut points.  
D.Statistical Analysis 
Of the 189 women originally enrolled in the intervention, 3 women were missing all 
exposure variables on perceived access and were excluded from analyses, leaving a total 
sample of 186 women for analysis. There were no significant differences on key outcome or 
exposure variables between total sample and the missing women. All was analyses were 
conducted using Stata 11.0 (Stata College Station Texas)[92].  
 
Logistic regression with robust standard errors, utilizing White-Huber correction, to account 
for county-level clustering was used to estimate the associations between perceived and 
objective neighborhood availability. In relevant models where census tract is the exposure 
variable, no stores in a participant’s census track were used as the referent category for that 
store type. In other relevant models, low store density in a participant’s buffer zone was used 
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as the referent category for that store type.  Lastly, where network distance is the exposure 
variable less than five minutes drive time is the referent category. All models were adjusted 
for race, education, age, and income. Additionally, models were stratified by store type or 
combined by store type based on a priori hypothesis and direct field observation of 
community landscape. 
  
Multinomial (polytomous) logistic models were used to analyze the three-level categorical 
outcome of perceived food store availability for the three level exposure variable of objective 
food store availability. In all cases, low perception and low objective food store availability 
was used as the reference category. Prevalence ratio (PR) was used to measure the ratio of 
low perception/low objective over the ratio of each level of perception over each level of 
objective measures. This method makes use of the data from the logistic regression and 
assumes no-rare outcome [93]. Data is considered to be clustered within counties and 
therefore participants within counties are assumed to be correlated. Therefore clustering on 
county was used to account for correlations and for robust standard errors. All models 
adjusted for race, education, income, and age.  
 
E.Results 
The study sample consisted of 186 women with complete data on all variables. Descriptive 
statistics of perceived and objective measures of the food store environment and shopping 
habits are shown in Table 1. Women perceived their neighborhood and their food store 
above average in healthy food availability (8.2±3.1 out of 12 points and 12.6±2.4 out of 16 
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points, respectively). Interestingly, there is the same mean number of supermarkets/grocery 
stores as convenience stores (2.3) in participants census tracts.  
 
Table 2 shows the association between living in a neighborhood with each type of food store 
and the odds of reporting a high score for perceived availability of healthy foods in the 
neighborhood.  Those who live in a census tract with at least one supermarket have lower 
odds of perceiving their neighborhood high in availability of low-fat foods [OR: 0.41 (95% 
CI 0.18, 0.99)]. In contrast, those with at least one supercenter in their census tract have 
higher odds of perceiving their neighborhood high in availability of low-fat foods [OR: 4.19 
(95% CI 1.18, 14.81)], and high in quality [OR: 3.22 (95% CI 1.16, 8.94)] compared to those 
with no supercenters in their census tract. When store types are combined results show 
individuals who live in census tracts with at least one convenience store and one supercenter 
have higher odds of perceiving their neighborhood high in availability of healthy foods [ OR: 
6.87 (95% CI 2.61, 18.01)], high in low-fat foods [OR:6.85 (95% CI 2.76, 16.99)], high in 
fruits and vegetables [OR:4.28 (95% CI 1.19, 15.41), and high in quality [OR: 5.49 (95% CI 
1.43 2.08)].   
 
Results from 5 mile buffer zones indicate individuals with medium store density have higher 
odds of perceiving their neighborhood medium in availability [OR: 2.04 (95% CI 1.24, 3.38), 
low-fat food items [OR: 2.32 (95% CI 1.12, 4.81)]; and in quality of healthy foods [OR: 
2.43(95% CI 1.41, 4.18)] compared to those with low store density. Additionally, those with 
high store density have higher odds of perceiving their neighborhood high in availability of 
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low-fat foods [OR: 2.76 (95% CI 1.26, 6.04) and high in quality of healthy foods [OR: 2.47 
(95% CI 1.40, 4.34)] compared to those with low store density. When buffer zones are 
stratified by store type the results are similar to all-store density. Those with high store 
density of super markets have higher odds of perceiving their neighborhood high in 
availability of healthy foods [OR: 2.92 (95% CI 1.49, 5.72)], high in availability of low-fat 
foods [OR: 3.70 (95% CI 2.03, 6.75)], and high in quality [OR: 3.08 (1.82, 5.19)] compared 
to those with low super market store density. Similar results are seen with those living in 
neighborhoods with a high store density of super centers have higher odds of perceiving their 
neighborhood high in availability of low-fat foods [OR: 2.30 (95% CI 1.17, 4.51)] and higher 
odds of perceiving their neighborhood high in quality of healthy foods [OR: 3.32 (95% CI 
1.60,  6.89)]. Interestingly, those with a high store density of convenience stores have higher 
odds of perceiving their neighborhood high in availability [OR: 2.02 95% CI (1.01, 4.03); 
high in selection of low-fat foods [OR: 2.49 (95% CI 1.27, 4.88)] and high in quality [OR: 
2.26 (95% CI 1.44, 3.56)] compared to those with low store density of convenience stores.  
 
Table 3 displays the results for prevalence ratios and predicted probabilities between 
perceived food store availability and objective food store availability. The multinomial log-
odds for medium perception relative to low perception for a participant with high objective 
food store availability is 0.11 [PR 0.11 (95% CI 0.01, 0.86)] times that of a participant with 
low objective food store availability, while holding all other variables in the model constant. 
Additionally, the multinomial log-odds for high perception relative to low perception for a 
participant with high objective food store availability is 0.09 [PR 0.09 (95% CI 0.01, 0.67)] 
times that of a participant with low objective food store availability. Results also highlight 
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the predicted probabilities of perception of the food store for a given level of objective 
measure of the same food store. The probability of perceiving the food store medium in 
availability when the objective food store score was high was 0.54 with all other variables 
held constant at their mean. Additionally, the probability of perceiving the food store high in 
healthy food availability when the objective food store score was high was 0.22 with all other 
variables held constant at their mean.  Overall, as the objective food store score decreases the 
predicted probability of perceiving that store high in availability of healthy foods increases. 
 
F. Discussion 
This study highlights the contrasting and complementary information provided by perceived 
and objective measures of the food store environment at the neighborhood and store levels. 
The differences and similarities between these two types of measures point to the need for  
multimethod community-level studies to gain a deeper understanding of the intersection 
between individuals and their food environment. 
 
Previous studies have reported that residents in neighborhoods with supermarkets and 
grocery stores tend to consume a healthier diet [66, 68], weigh less [8], and report a higher 
perceived availability of healthy foods in their neighborhood [4].  However, several studies 
have found no association between supermarket access and availability and diet and weight 
[94-95]. A possible explanation for the difference in our study relative to others is that the 
general quality and aesthetics of the supermarkets available in low-income and rural 
neighborhoods tends to be lower than for supermarkets found in urban or semi urban areas. 
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Therefore, perceptions may be influenced more by the overall quality of neighborhood stores 
than by the number of supermarkets in a given neighborhood.  Furthermore, the high 
perceptions for those living in neighborhoods with super centers, whether buffer or census 
tract defined, indicates that it may be necessary to include more store types to truly 
understand how the food store environment is associated with perceptions and, ultimately, 
behavior.  
Few studies have compared perceptions of the food store where an individual shops with 
objective measures of food availability within the same store [10]. In our study, at the store 
level we found contrasting results between perceived and objective measures. Women who 
shopped at a grocery store with high objective availability of healthy foods actually had a 
lower probability of perceiving high availability. There are several possible explanations for 
the difference in perceptions versus the objective measure at the store level. First, quality of 
food at the store level was not assessed, which may significantly contribute to perceptions of 
the food [69]. By excluding any objective assessment of quality, the availability measure 
does not fully capture the foods that would be perceived as acceptable for purchase. Second, 
many social aspects within neighborhoods contribute to an individual’s decisions about 
where to shop, and their perceptions about a store’s social environment [96]. As documented 
in the sociologic literature, conflicts sometimes exist between African American 
neighborhood residents and non-African American (primarily immigrant) retailers [96-98]. 
Even when stores have a high availability of healthy foods, overall perceptions of the store 
may be low due to racial and social conflicts.  
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The differences found between perceived and objective measures at the store level highlight 
the relevance of using both types of measures to understand the intersection between 
individuals and the environment. In one recent study looking at perceived availability of 
healthy foods, perceptions of food stores helped to explain less healthy food purchasing 
behavior among low-income groups [10]. Such findings, along with our study, highlight the 
importance of not only objectively assessing what foods are available in the stores where 
residents shop but also examining residents’ perceptions of those foods, since perceptions 
may most directly influence food purchasing habits and intake.  
 
There are several limitations to our study. First, objective food store addresses were collected 
from secondary data sources. The data sources may misrepresent the true number of food 
stores currently available to residents in our localities [12, 82]. Second, the use of census 
tract or buffer zones for defining neighborhoods may not reflect an individual’s true 
neighborhood habits and exposure level. Third, our study only captured three types of food 
stores. Because the food store environment may be comprised of many non-traditional food 
outlets (e.g., Dollar Stores) that were not included in this study [12], our ability to draw 
conclusions about the differences between perceived and objective measures may be limited. 
Lastly, perception-based measures may be subject to measurement error and may be 
influenced by different cultural, economic, and neighborhood contexts [4].  
 
Our study’s greatest strength is the simultaneous measurement of perceived and objective 
measures of the food store environment. The study is unique in collecting data on food 
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availability in the store where a person shops and at the neighborhood level. The detailed 
collection of both types of measures suggests that subjective and objective indicators provide 
complementary information about the individual and environmental levels. Future work is 
needed to disentangle the individual and neighborhood-level effects of the food environment. 
 
G.Conclusion 
This study contributes to a growing body of research aiming to understand how to accurately 
measure the food store environment [3, 12, 85]. Results from this study help to highlight the 
importance of measuring both perceived and objective assessments of the food store 
environment in an effort to ultimately increase our understanding of how the food 
environment influences obesity risk.
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Table 1 Demographic, perceived, and objective measures of the food store environment, and shopping 
habits, North Carolina, 2009 
 
  Race/Ethnicity    
 
Overall Mean or 
% White 
African 
American/Black Other    
Number of Participants 186 82 100 4    
Perceived Neighborhood*        
Availability (Range 0-12) 8.2 (3.1)  8.1  (3.1) 8.4  (3.2)  7.2  (4.2)    
Perceived Store*        
Availability All Foods (Range 
0-16) 12.62 (2.4) 12.5  (2.3)  12.6  (2.5)  13.8  (2.7)   
Perceived Access**        
Miles 5.5 (5.9) 5.3 (5.5) 5.6 (6.2) 9 (7.7)    
Objective Neighborhood Availability*       
Super Centers 0.18 (0.4) 0.15 (0.4) 0.20 (0.4) 0.20 (0.5)   
Super Markets 2.3 (2.3) 2.2 (1.6) 2.4 (2.4) 3.4 (1.5)    
Convenience Stores 2.3 (2.0) 2.5 (2.0) 2.1 (2.0) 2.0 (1.9)    
Objective Food Store 
Availability*        
Food Store Score (Range 0-37) 34.3 (3.6) 34.5 (4.2) 34.4 (2.6) 30.4 (8.3)    
Objective Access**        
Miles 6.1(6.4) 6.7(6.3) 5.0(5.4) 11.8(7.3)    
Primary Store        
Shop at Chain Supermarket (%) 75% 80% 71% 60%    
Shop at Supercenter (%) 25% 20% 29% 40%    
Frequency of shopping        
2 or more times per week 47% 52% 43% 40%    
1 time per week 22% 21% 23% 20%    
2 to 3 times per month 23% 20% 23% 40%    
1 time per month 8% 6% 9% 0%    
Demographics        
Age(mean years) 51 51 (7.4) 51 (6.6) 56 (9.1)    
Smoking(%) 15% 20% 13% 0%    
Education (years) 13 (1.9) 12.6 (2.0) 13.2 (1.8) 13.2 (1.8)    
Employed full time (%) 32% 29% 35% 20%    
Income (% <=$29,000) 69% 66% 74% 40%    
*Higher score indicates greater availability at the store and neighborhood level of healthy 
foods     
** Access = reported or calculated miles from home to primary 
food store      
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Table 2 Odds Ratio and 95% confidence limits in perceived availability of healthy foods by types of stores 
in census tracts, buffer zones, and network distance, North Carolina, 2009 
 
 
Perceived Neighborhood  
Availability (N=186) 
 
All Stores Census Tract (a) Availability  Low-Fat F/V Quality 
Low Store Density(Reference) 1.00 1.00 1.00 1.00 
Medium Store 1.10 (0.42, 2.89) 1.02 (0.52, 2.00) 0.78 (0.45, 1.36) 0.80 (0.43, 1.51) 
High Store 2.09 (0.69, 6.29) 2.13 (0.76, 6.03) 1.59 (0.61, 4.14) 1.19 (0.43, 3.27) 
Store Type in Census Tract     
Reference (No Store by type) 1.00 1.00 1.00 1.00 
Super Market  0.77 (0.23, 2.59) 0.41 (0.18, 0.99) 0.71 ( 0.16, 3.14) 0.22 (0.05, 1.02) 
Super Center 3.76 (0.96, 14.62) 4.19 (1.18, 14.8) 2.80 (0.80, 9.82) 3.22 ( 1.16, 8.94) 
Convenience 1.66 (0.59, 4.64) 2.01 (0.84, 4.81) 1.43 ( 1.00, 2.05) 1.67 ( 0.81, 3.41) 
     
Stores Combined Census 
Tract     
Reference(No Store by both 
types) 
    
Convenience & Super Center 6.87 ( 2.61, 18.01) 6.85 (2.76, 16.9) 4.28 (1.19, 15.4) 5.49 (1.43, 21.08) 
Super Center & Super Market 3.41 (0.43, 27.23) 1.95 ( 0.27, 14.0) 2.56 (0.32, 20.6) 0.41 (0.09, 1.93) 
     
All Stores 5 mile Buffer 
Zone(b)     
Low Store Density 
(Reference) 1.00 1.00 1.00 1.00 
Medium Store 2.04 (1.24, 3.38) 2.32 (1.12, 4.81) 1.93 (0.65, 5.70) 2.43 (1.41, 4.18) 
High Store 2.00 (0.84, 4.76) 2.76 ( 1.26, 6.04) 1.25 (0.60, 2.64) 2.47 (1.40,  4.34) 
Super Market 5 mile Buffer 
Zone(c)     
Low Store Density 
(Reference) 1.00 1.00 1.00 1.00 
Medium Store 2.71 (1.29, 5.65) 2.38 (0.84, 6.78) 3.44 ( 1.65, 7.15) 2.29 (1.04, 5.00) 
High Store 2.92 (1.49, 5.72) 3.70 ( 2.03, 6.75) 1.69 ( 0.93, 3.08) 3.08 (1.82,  5.19) 
Super Center 5 mile Buffer 
Zone(d)     
Low Store Density 
(Reference)          
High Store 2.08 (0.90,  4.82) 2.30 ( 1.17, 4.5) 2.14 (0.81, 5.69) 3.32 (1.60,  6.89) 
Convenience Store 5 mile 
Buffer Zone(e)     
Low Store Density 
(Reference) 1.00 1.00 1.00 1.00 
Medium Store 2.33 (1.23,  4.42) 2.89 (1.18, 7.10) 2.31 (0.53, 10.2) 3.35 (2.12,  5.27) 
High Store 2.02 (1.01, 4.03) 2.49 ( 1.27, 4.88) 1.60 ( 0.75, 3.41) 2.26 (1.44, 3.56) 
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Stores Combined Buffer (f) 
Super Center & Super 
Market     
Low Store  Density 
(Reference) 1.00 1.00 1.00 1.00 
High Store 2.59 (1.50, 4.47) 2.52 (1.09, 5.83) 2.36 (1.00, 5.78) 2.91 (1.85, 4.56) 
Super Market & 
Convenience     
Low Store Density 
(Reference) 1.00 1.00 1.00 1.00 
Medium Store  2.49 (1.20, 5.19) 2.67 (0.94, 7.59) 3.03 (0.94, 9.74) 2.97 (1.45, 6.09) 
High Store 1.89 (0.82, 4.38) 2.69 (1.26, 5.76) 1.22 (0.54, 2.77) 2.21 (1.09, 4.50) 
Super Center & 
Convenience     
Low Store Density 
(Reference) 1.00 1.00 1.00 1.00 
High Store  2.61 (1.44, 4.73) 3.00 (1.38, 6.53) 2.30 (0.94, 5.64) 3.47 (1.93, 6.23) 
 
All store Network 
Distance(g)     
Five to ten minutes 1.17 ( 0.49, 2.84) 0.75 (0.37, 1.53) 2.23 ( 1.19, 4.16) 1.34 (0.58,  3.11) 
Convenience Network 
Distance     
Five to ten minutes 1.66 ( 0.58, 4.69) 1.96 (0.65,  5.90) 1.24 (0.32, 4.81) 1.64 ( 0.41, 6.56) 
Super Market Network 
Distance     
Five to ten minutes 1.66 (0.59, 4.74) 1.62 (0.42, 6.18) 0.27 (0.03, 2.99) 0.54 (0.10, 3.00) 
Super Center Network Distance 
Five to ten minutes                        1.91 (0.92, 3.98)        2.12 (0.94, 4.78)     2.61(1.37, 4.95)       4.16(2.63,6.57)                
 
 
All models adjusted for race, education, income, age  
a) low store census tract=less than 2 stores, medium store =2-7 stores in census tract, high store=more than 7 stores  
b) low store buffer zone=less than 8 stores, medium store=8-46 stores, high=more than 46 stores 
c) low store grocery buffer=less than 6 stores, medium store=6-17, high=more than 17 stores 
d) low store super center buffer=0 stores, high=1 store or more 
e) low store convenience buffer=less than 7 stores, medium store=7-16, high=more than 16 stores 
f) low store for stores combined buffer=less than 2 stores, medium store=7-16, high=more than 16 stores 
g) less than five minutes network distance is reference group 
 45 
 
Table 3 Prevalence Ratios (PR) with 95% confidence intervals and predicated probabilities of perceived  
and objective food store availability of healthy foods, North Carolina, 2009 
   
N=186 
  
All Stores Combined PR Predicted Probability 
Medium Perception Store Availability   
High Objective Food Store Availability 0.11 (0.01, 0.86) 0.54 
Medium Objective Food Store Availability 0.40 (0.05, 3.23) 0.63 
Low Objective (Reference) 1.00 0.65 
High Perception Store Availability   
High Objective Food Store Availability 0.09 (0.01, 0.67) 0.22 
Medium Objective Food Store Availability 0.30 (0.04, 2.12) 0.28 
Low Objective (Reference) 1.00 0.32 
 
  
 
All models adjusted for age, race, education, income 
 
 
     
 
   
 
  
 
V. Perceived and Objective Measures of the Local Food Store Environment and the 
Association with Weight and Diet among Low-Income Women 
 
A. Abstract 
Background: Food access, availability, and affordability are associated with dietary intake 
and weight. There is, however, limited research to date examining both perceived and 
objective measures of the food store environment in relation to diet and weight, especially 
among low-income and rural populations. This study examines how the food store 
environment (measured objectively and subjectively) is associated with diet and weight 
among low-income midlife women participating in a weight loss program in North Carolina.  
Methods: The food environment of weight loss study participants was characterized in three 
ways: 1) the number and type of food stores within the census tract; 2) availability of healthy 
foods in stores where participants shop, as measured by food store audits; and 3) an 
aggregate score of self-reported access (miles to store), and availability of healthy foods in 
their neighborhood and primary food stores (perceived measures). 
Results: Women reported a strong preference for shopping at their primary store because of 
proximity to their home (73%) and easy access (69%). Individuals rating healthy food 
availability in food stores as medium consume fewer servings of fruits and vegetables 
compared to those rating availability as low (-0.44 servings [95% CI -0.88, -0.01]). 
Perception of healthy food in local stores being highly affordable was associated with 
consuming (0.90 servings [95% CI 0.14, 1.66]) more servings of fruits and vegetables  
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compared to those perceiving food as low in affordability. Participants with a supercenter in 
their census tract weighed (14.72 [95% CI 4.32, 25.11]) more pounds relative to those 
without a super center.  
Conclusion: This study highlights how both perceived and objective measures of the food 
environment are associated with diet and weight status.  
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B.Introduction  
The environment a person lives and works in can either provide opportunities or challenges 
to accessibility, availability, and affordability of healthy food [12], which in turn may 
influence diet quality and weight [16, 38-39, 49, 66, 99]. Widespread recognition of the 
relationship between the built environment, health status, and food choices has led to 
growing interest in measuring aspects of the retail food environment [3, 85, 87, 100]. Recent 
reviews indicate that environmental influences on individuals are critically important yet 
poorly understood [3, 86, 101-102]. Few studies have examined how perceived [4] and 
objective measures of the food store environment are associated with individuals’ weight and 
diet quality, particularly in rural settings [38, 40-41, 55, 65, 103]. 
Studies with an urban and suburban focus have suggested that lack of access to healthy foods 
in economically and socially disadvantaged neighborhoods contributes to a lower intake of 
fruits and vegetables [7, 48] and to a higher prevalence of obesity [8]. Studies measuring 
number and type of stores within a neighborhood have found that neighborhoods or 
individuals with greater access to supermarkets have a higher intake of fruits and vegetables 
[9, 39]. Additionally, surveys measuring individuals’ perceptions of their neighborhood have 
found that those who rank their neighborhood poorly in food accessibility are less likely to 
have a healthy diet than those in the best-ranked areas [16].  
To date, most food environment studies have relied on one objective measure of the food 
environment such as availability of different types of stores [8-9]; food availability within 
stores [68]; or survey questions at the individual level regarding healthy food availability 
within the neighborhood [104]. Few studies have included several objective and perceived 
measures simultaneously [4-5]. Moreover, most studies have focused on urban settings [36, 
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41, 69] or have not tailored their measurement approaches for low-income rural 
populations[12].  
Rural populations, especially low-income, face structural and neighborhood disadvantages 
and increased vulnerability to poor nutritional health, obesity, and a high burden of nutrition-
related disease [55, 82, 106]. At the same time, among rural communities the landscape of 
where people are obtaining food is changing [11], altering the accessibility, availability, and 
affordability of healthy foods, and likely influencing diet and weight. Consequently, existing  
methods for assessing the food environment may not be applicable or appropriate for low-
income rural communities. Based on the potential importance of both perceived and 
objective measures of the food store environment in relation to diet and weight status, the 
aims of this study are to: 1) describe how the various perceived and objective measures were 
developed and 2) examine the association between each perceived and objective measure of 
the food store environment with diet and weight status.  
 
C.Methods 
Study Sample 
Individual level data were obtained by survey from women enrolled in a weight loss 
intervention trial (Weight-Wise) before the intervention began. Weight-Wise is an evidence-
based behavioral weight loss intervention shown to be effective in low-income women [90]. 
Participants were uninsured women age 40 to 64 years, with incomes at or below 200% of 
the federal poverty level, who had a body mass index between 27.5 and 45 kg/m² inclusive. 
Women were recruited from 6 county health departments in North Carolina (Davidson, 
Forsyth, Lincoln, Warren, Nash, and Pasquotank) representing 3 counties in the eastern part 
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and 3 counties in the western part of North Carolina. Four of the six counties are classified as 
non-metro; while 2 are classified as metro[91] based on rural-urban continuum codes. A total 
of (n=189) women were enrolled in the intervention study. Details of the study design, 
intervention components, and baseline characteristics have been published elsewhere [90]. 
The University of North Carolina School of Medicine Institutional Review Board approved 
this study.  
 
Measurement of Participants’ Food Environment 
The food environment of participants from the total sample of the Weight-Wise study was 
characterized in three ways: 1) the number and type of food stores within the census tract; 2) 
availability of healthy foods in stores where participants shop, as measured by food store 
audits; and 3) an aggregate score of self-reported access to healthy foods in the primary food 
store, availability and affordability of healthy foods in their neighborhood and primary food 
stores (perceived measures). Each of the following measures is described in detail below. 
 
Objective Measure of Neighborhood Store Availability 
To measure neighborhood store availability several data collection steps were taken. First, 
data on the number and type of food stores in all 6 counties were obtained from InfoUSA, 
Inc. (Papillion, Nebraska) in August 2008 and 2009 to assure accuracy in address over 
repeated times. Food stores were classified based on supplemented Standard Industrial 
Classification codes (SIC codes) as used by previous studies to allow for comparisons [39, 
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74], across the following categories; supercenters (e.g., Super Walmart) were identified with 
code (SIC 531102), convenience stores (SIC 541102, 541103) and supermarkets and large 
chain grocery stores combined (SIC 541101, 541104-541106).  
 
Second, to assess number of stores in each participant’s census tract, home addresses were 
geocoded and matched to 2000 U.S. census tracts using Juice analytics software 
(http://www.juiceanalytics.com) and ArcMap (ArcGIS v.9.2, ESRI, Redlands CA, 1999-
2004). The juice analytics software was able to match 94% of women’s home addresses and 
6% of the women’s home addresses could only be found at the street level. Census tracts 
were used since it has been suggested to be the most relevant in terms of how residents 
define their neighborhood spatially [47] and based on results from chapter IV. Lastly, the 
objective neighborhood availability variable was dichotomized as a yes for having at least of 
each type of store in a census tract and no for having none.  
 
Objective Measure of Food Availability in Primary Food Store 
Specific food stores where women shop were identified from a survey question asking “What 
is the name and street of the grocery store where you do your primary shopping?” 
Information on the location of the food stores named was obtained from the survey with 
confirmation being conducted by “ground truthing” (direct observation of food store 
addresses) [12, 82]. The in-store food availability survey was modified from the Nutrition 
Environment Measures Survey in Stores (NEMS-S) [67] to reflect the purchasing habits of 
the Weight-Wise study population, specifically low-income women living in the South. The 
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modifications of NEMS-S was based on purchasing habits data from Bureau of Labor 
Statistics[83] and from the USDA Continuing Survey of Food Intakes by Individuals (CSFII) 
and thus included adding frozen and canned goods, pork, and excluding baked goods [84]. In 
the Spring and Summer of 2009, stores (n=80 all store identified) where the women reported 
doing their primary food shopping, were assessed on availability of nine food groups from 
NEMS-S and with considerations stated above: nonfat/low-fat milk, fruits, vegetables, low-
fat meats, frozen fruits and vegetables, canned vegetables, 100% whole wheat bread, and 
non-sugar sweetened cereals. The in-store food survey was conducted at the time participants 
were enrolled into study. All stores were surveyed between 9 AM and 4 PM on weekdays to 
maintain consistency relative to stock on the shelves between stores. A tally sheet was used 
to determine if the food item was available in the store at the time of the audit or not. Each 
food item received one point for being available in the store. The range for healthy food 
availability in stores is 0 to 37 points, with a higher score indicating a greater availability of 
healthy foods. Healthy food availability was categorized as low, med, high (tertiles) based on 
distribution of data and for comparison with other studies [68].  
 
Measure of Perceived Healthy Food Availability, Accessibility, and Affordability in 
Neighborhoods and Primary Food Stores 
Participants’ self-report of their local food environment was collected via a phone survey 
after enrollment into Weight-Wise but before the intervention began. The survey questions 
were used to measure perceived access and availability of healthy foods in each person’s 
neighborhood (defined as the area approximately 5 miles around her home), as well as 
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availability, and affordability of healthy foods in the primary food store. Each measure is 
described in detail below.  
Neighborhood Healthy Food Availability 
To assess perceived neighborhood healthy food availability participants were asked the 
extent to which they agreed with the following statements for their neighborhood: 1) “a large 
selection of fruits and vegetables is available in my neighborhood;” 2) “a large selection of 
low-fat products is available in my neighborhood;” and 3) “the fruits and vegetables in my 
neighborhood are of a high quality.”  
 
In-Store Healthy Food Availability and Affordability 
Participants were then asked the extent to which they agreed with the following statements 
for their primary food store: 1)”A large selection of fruits and vegetables is available; 2) “A 
large selection of low-fat meat products is available (90% lean beef, skinless chicken)”; 3) 
“A large selection of brown breads is available”; and 4) “A large selection of low-fat cheese 
or skim milk is available”. The above 4 questions on food store were asked to assess 
affordability. The total possible score on this measure was 0 to 16 with a higher score 
indicating higher perceived availability or affordability. 
 
The neighborhood availability questions have previously been tested for reliability and 
validity and described elsewhere [16, 73]. The food store availability and affordability 
questions were adapted from the neighborhood questions, pre-tested for understanding 
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among 10 low-income women in a rural community in North Carolina, and adapted based on 
responses. Responses to all questions were coded on a five point Likert scale (0=strongly 
agree; 1=agree; 2=neither agree nor disagree; 3=disagree; 4=strongly disagree).  
 
Responses from both neighborhood questions and food store questions were summed into 3 
separate summary scores: neighborhood availability, food store availability, and food store 
affordability, then categorized into high, medium, and low availability or affordability 
(tertiles) based on non-normal distribution of data.  
 
Accessibility 
Access was defined in two ways 1) objective potential spatial access which was calculated 
from the network distance between the participant’s home to their primary food store; and 2) 
perceived access by asking length of time and distance traveled to the primary food store.  
 
A dichotomous variable was created to group access into easy or difficult access. Easy access 
was defined as living less than 5 miles to the primary food store as first inclusion criteria, 
followed by living less than 10 minutes. Difficult access was defined as living 5 miles or 
greater, followed by living greater than 10 minutes. The cut points of 5 miles or 10 minutes 
correspond approximately to the mean response, and are also consistent with the cut points 
used in  prior studies[40]. To test the sensitivity of the results to these particular cut points, 
cut points at 3 and 7 miles were tested against 5 miles, including testing these cut point levels 
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for urban and rural respondents. The main associations did not change substantially based on 
the alternative cut points or rural/urban classifications.  
 
Definition of Outcomes 
BMI and Weight 
At the beginning of the intervention, participants were weighed to the nearest 0.5 lb on an 
electronic scale (Seca 770, Seca Corporation, Columbia, MD). Weight was measured twice 
and the average of the two measurements was used as the final weight. Height was measured 
with a portable stadiometer (Schorr Productions, Olney, MD).  Both height and weight were 
measured according to approved protocols. Body mass index (BMI) was calculated by using 
the participant’s height and weight (BMI = kg/m2).  
 
Fruit and Vegetable Intake 
Fruit and vegetable intake was collected using a validated rapid food survey [69], which 
assessed fruit, vegetable, and fiber intake. The survey is effective in identifying persons with 
high fat, low fruit/vegetable intake or low fiber intake. The daily fruit and vegetable servings 
were calculated from the Block score.  
 
D.Statistical Analyses 
Of the 189 women originally enrolled in the intervention, 3 women were missing all 
exposure variables on perceived access and were excluded from analyses, leaving a total 
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sample of 186 women for analysis. All analysis was conducted in Stata 11.0 (Stata College 
Station Texas).  
 
Multivariable linear regression was used to model the association among fruit and vegetable 
intake and weight (BMI and weight in pounds) and perceived or objective measures of the 
food store environment. The inclusion of a random intercept for census tract or store was not 
warranted based on an intra class correlation coefficient of 0.001. Model diagnostics were 
performed, including graphing predicted residuals and checking for outliers. Based on 
results, our model assumptions appear reasonable and appropriate. Associations were 
adjusted in all models for race (Black, White, Other), education (years of education 
completed), income (reported range of household income), and smoking status (excluded 
when fruit and vegetable modeled as outcome). Seasonality did not significantly change 
estimates and therefore was not included in any models. All models included a cluster 
statement on county since women are nested within the 6 counties, allowing for robust 
standard errors. The type I error rate was set at 0.05 for main effects and for interaction terms 
for all models.  
 
For models when perceived variables were the main predictor or exposure, interaction terms 
of high and low categories were developed based on distribution of data and were then tested 
between 1) perceived in-store availability and objective measure of food store audits; 2) 
perceived neighborhood availability of healthy foods and objective measure of number and 
type of food stores in census tracts and; 3) perceived access to food stores and objective 
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measure of access to food stores. Correlation between perceived and objective measures were 
tested and resulted in weak correlations (r≤ 0.2), signifying no collinearity. The Interaction 
term in 1) above was significant at p<0.05 and retained in the appropriate models.  
E.Results 
Table 4 highlights the demographic profile of all participants, along with objective and 
perceived measures of the food store environment. The average perceived neighborhood 
availability of healthy foods reported was 8 out of 12 points possible, indicating perceptions 
of above average availability of healthy foods in their neighborhood. The average perceived 
availability of healthy foods in the primary store was 13 out of 16 possible points, while the 
average objective food store availability of healthy foods score was 34 out of 37 points. 
There is the same mean number of supermarkets/grocery stores as convenience stores (2.3) in 
participants’ census tracts. The average (SD) reported miles traveled to the primary grocery 
store was 5.5 miles (5.9); the objectively measured miles traveled was 6.1 (6.4). The mean 
age of women is 51 years, 20% reporting being diagnosed with type 2 diabetes, and 40% 
diagnosed with high blood cholesterol. 
 
Responses from the perceived food environment survey (Table 5) show that 97% of women 
report owning a car. Although women shopped primarily at large stores for their groceries, a 
large percentage of women reported shopping for food at non-traditional outlets such as 
dollar stores (46%) and farmer’s markets (20%), suggesting strong use of nontraditional 
types of food stores [12]. A large percentage shop at least 2 times a week for groceries 
(47%). Additionally, women reported eating out at restaurants on average 2.1 times per 
week, spending$24 per week on average. Lastly, women reported a strong preference for 
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shopping at their primary store because of location to their home (73%), easy access (69%), 
availability of foods they enjoy (67%), and the variety of foods available (62%). 
 
Perceived food store environment responses (Table 6) indicate those who rated their store 
high in affordability of healthy foods consume more servings of fruits and vegetables 
compared to those who perceived their store low in affordability (0.90 [95% CI 0.14, 1.66]). 
 
Objective food store environment results (Table 7) indicate individuals with a supercenter in 
their census tract weigh more (14.72 pounds [95% CI 4.32, 25.11]) compared to those 
without a supercenter in their census tract. At the same time, those who live in a census tract 
with a supercenter and convenience store consume fewer servings of fruits and vegetables (-
1.22 [95% CI -2.40, -0.04]). Individuals who live in a census tract with a supermarket and 
convenience store have a higher BMI (2.22 [95% CI 0.74, 3.69]) compared to those without a 
supermarket and convenience store in their census tract. Of the interaction models, 
significant results were found for perceived and objective food store availability predicting 
weight status. The effect of objective store availability on weight outcomes varied by level of 
perceived food store availability (p<0.10). This indicates that perceived store availability was 
an effect measure modifier of the association between objective store availability and body 
weight status. Among women who shopped at stores with low objective healthy food store, 
those that perceived their store high in availability were more likely to have higher body 
weights (20.26 [95% CI 2.65, 37.93]) compared to those that perceived the stores low in 
availability.   
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F.Discussion 
Perceived and objective measures are useful in understanding the link between diet, weight, 
and the food store environment, especially in low-income rural communities. Our study is 
part of a limited body of research addressing the food store environment among rural low-
income individuals [12, 18, 104]. Our findings, which are supported by other researchers [7, 
11, 52, 74], suggest that the prevalence of obesity and intake of fruits and vegetables are 
associated with certain aspects of the food store environment at the neighborhood and store 
level. Moreover, higher perception of affordability is associated with higher intake of fruits 
and vegetables. This finding, supported by previous studies [33, 59], adds further merit to 
research and policies aiming at improving purchasing power. 
 
Our novel study simultaneously measured objective and perceived food store environment 
variables. The contrasting results obtained using these two methods at the environmental and 
individual level indicate that the two sets of constructs are not highly correlated. This lack of 
correlation suggests that each construct is important, related, and necessary to understand the 
relationship between perceived and objective measures in relation to diet and weight. A key 
finding that illustrates the contrasting constructs is the interaction between perceived and 
objective food availability at the store level.  Specifically, the effect of the objective 
availability of healthy food on weight outcomes varies by how the individual perceives their 
store. Among individuals who shop at food stores with low objective availability of healthy 
foods, the perception that the stores are high in healthy food availability is associated with 
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significantly higher body weight compared to individuals who perceive the stores as being 
low in availability of healthy foods.  
The discrepancy between perceived and objective availability of healthy foods has several 
potential plausible explanations. First, the survey specifically queried healthier versions of 
general foods. For example, it asked about skim milk, rather than milk in general. Women 
who reported that the healthy version of a given food was in their store when the objective 
audit suggested it was not could be less cognizant of the differences in healthfulness of the 
foods they buy, and perhaps this translates to higher body weight. Conversely, women who 
reported low perceived healthy food availability in stores with low objective availability have 
lower body weights, on average, compared to those reporting high perceived availability. The 
lower weight among this subgroup of women suggests that they may be more aware of the 
healthfulness of the foods in their primary store.  
The heightened awareness of the lack of healthy food choices at one’s primary food store 
may be associated with choosing foods at other food outlets to augment the foods available. 
The possible “trip channing” [12] (frequenting many stores within one car trip) habit 
accompanied by heightened awareness may be associated with lower weight among this 
subgroup of women. In any event, the significant interaction between objective and perceived 
measures in both the neighborhood and store level models suggest that both types of 
measures are needed to help understand the intersection between the individual and the 
environment [3]. Although our study suggested that individual characteristics such as food 
purchasing habits may modify the effect of objective environmental measures, additional 
work is needed to disentangle environmental characteristics and individual behaviors.  
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Little of the published work on food environment and the association with diet and weight 
has focused on rural areas [55, 82, 103], and there has been little consideration of how 
different types of stores need to be included when defining the food environment[12]. In our 
study, neighborhoods with supercenters were associated with a higher BMI, pointing to the 
importance of including different store categories. Although the supercenter itself may not be 
associated with a higher weight, it is likely that neighborhoods with these types of stores 
have other characteristics that are associated with an environment that promotes obesity.  
Our study did not find associations between neighborhoods with supermarkets or 
convenience stores and weight and diet. Studies involving low-income populations have 
found significant associations between the food environment and poor diet [68, 88] and 
higher weight [107]. Conversely, others have failed to find an association between food 
environments and higher weight or lower diet quality [52, 94]. The discrepancy in data 
suggests more research is needed to understand how the food environment functions as a 
distal cause in the relationship between individuals, their environment, and health status [82].   
This study falls within a limited body of research that has used a a modified version of a 
previously validated and reliable instrument (NEMS-S) to examine associations with weight 
or diet [68]. Using the modified version of NEMS-S has several limitations, however. First, 
the instrument does not measure quality of food, shelf-space of fruits and vegetables, or high 
energy dense snack foods at the store level. Previous studies have shown that greater shelf-
space for snack foods at the individual store level is associated with higher BMI [70]. The 
inclusion of both perceived and objectively measured quality and shelf-space perhaps would 
improve the sensitivity of the food-store availability tool [85]. Second, the instrument 
includes frozen and canned goods deemed healthy and appropriate for low-income 
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populations, which may inflate the score value for each store. To our surprise, the higher 
availability of healthy food items was associated with higher BMI/weight when canned and 
frozen foods were excluded. This result was not seen with the total objective food store score 
in any of the models. We hypothesize that this association may be related to the fact that 
stores with high availability of healthy foods also have high availability of energy-dense 
foods. Future research should refine methods for determining the types of foods to be 
included in standardized food store audits [85].  
 
Our study has several limitations. First, the cross-sectional nature of the study does not allow 
for causal inferences to be made between the food store environment and diet or weight. 
Second, objective food store addresses were collected from secondary data sources, which 
may misrepresent the true food store environment [12, 82]. Additionally, whereas store 
classification was confined to super centers, supermarkets, and convenience stores, our 
results suggest that a substantial percentage of women also shop at non-traditional food 
outlets (such as Dollar Stores) not captured in our definition of the food neighborhood. The 
inclusion of such stores may add information about the true food store environment. Third, 
the use of census tracts for defining neighborhoods may not reflect individuals’ true 
neighborhood habits and exposure level. It is likely that some of the women living in the 
residential census tract where objective food store exposure was assigned do not actually 
define that area as their neighborhood. However, this misclassification of exposure is not 
likely to be associated with the outcome of diet or weight such that women who define their 
neighborhood in a different spatial area are not more or less likely to be overweight or have a 
poor diet, and therefore unlikely to have biased our estimates. Fourth, multiple models were 
 63 
tested and results may be due to chance alone. Therefore, our results need to be confirmed in 
future studies. As previously mentioned, data on quality of food was not collected, but 
represents a variable that may be more indicative of the relation between food stores and diet 
and weight. Individuals’ perceptions of their store may be influenced to a greater degree by 
the quality of food available, rather than simply availability alone. Lastly, although having a 
homogenous sample gives us good information about this specific population, it limits 
generalizability.  
 
G.Conclusion 
This study contributes to the growing body of research aiming to understand how perceived 
and objective measures at the individual and environmental level, of the food store 
environment are associated with diet and weight. Very few studies have taken a 
comprehensive view of the food store environment among low-income rural populations and 
the association with diet and weight. This study provides strength to our understanding of 
how perceived and objective measures of the food store environment are associated with diet 
and weight. Lastly, our findings are similar in nature to other established investigators 
suggesting the food environment plays a role in diet and weight status.  
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Table 4 Demographic, baseline perceived and objective measures of the food store environment, and 
outcomes measures, North Carolina, 2009 
 
 
   Race/Ethnicity 
Overall Mean(SD) or %  White 
African 
American 
Black Other    
Number of Participants 189 84 100 5    
Perceived healthy food in the Neighborhood*        
Availability (Range 0-12) 8.2 (3.1) 
 8.1  
(3.1) 8.4  (3.2)  7.2 (4.2)   
Perceived healthy food in the primary food Store*        
Availability (Range 0-16) 12.6 (2.4) 
12.5 
(2.3)  12.6 (2.5)  13.8 (2.7)   
Perceived primary food store Access**        
Miles 5.5 (5.9) 5.3 (5.5) 5.6 (6.2) 9 (7.7)    
Objective Neighborhood healthy food Availability*        
Supercenters 0.18 (0.4) 
0.15 
(0.4) 0.20 (0.4) 0.20 (0.5)    
Supermarkets 2.3 (2.3) 2.2 (1.6) 2.4 (2.4) 3.4 (1.5)    
Convenience 2.3 (2.0) 2.5 (2.0) 2.1 (2.0) 2.0 (1.9)    
Objective Food Store Availability*        
Food Store Score (Range 0-37) 34.3 (3.6) 
34.5 
(4.2) 34.4 (2.6) 30.4 (8.3)   
Objective Access**        
Miles 6.1(6.4) 6.7(6.3) 5.0(5.4) 11.8(7.3)    
Outcome Measures        
BMI (kg/m²) 37 (4.7) 36 (4.8) 38 (4.7) 37 (0.9)    
Weight (lbs) 219 (30.8) 
211 
(30.8) 227 (30.0) 215 (11.9)   
Fruit and Vegetable Servings(Range -0.41-8.47) 4 (1.7) 4 (1.8) 4 (1.6) 4 (1.1)    
Fruit and Vegetable Score (Range 1-25) 13 (4.6) 13 (4.9) 13 (4.4) 12 (3.0)    
Demographics        
Age(mean years) 51 (7.1) 51 (7.4) 51 (6.6) 56 (9.1)    
Smoking(%) 15% 20% 13% <1%    
Education 13(1.9) 12.6(2.0) 13.2(1.8) 13.2(1.8)    
Employed full time(%) 32% 29% 35% 20%    
Income (%,=$29,000) 69% 66% 74% 40%    
*Higher scores indicate greater availability of healthy 
foods at the store and neighborhood level        
** Access = reported or calculated miles from home to 
primary food store 
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Table 5 Perceived food environment survey results, North Carolina, 2009 
  
  
  
 Total 
Number 
(N) 
   
Car Ownership (%) (n=185) 97% 179 
Mode of Transportation to Store (n=185)   
Drive Car 93% 172 
Ride with family or friend 5% 9 
Bus >1% 1 
Walk or ride bike 1% 2 
Other   >1% 1 
Primary Store (n=186)   
Shop at Chain Supermarket (%) 74% 137 
Shop at Supercenter (%) 26% 48 
Shop at Other (%) >1% 1 
Frequency of shopping (n=186)   
2 or more times per week 47% 88 
1 time per week 22% 41 
2 to 3 times per month 23% 43 
1 time per month 8% 14 
Finances (amount per week) (n=185)   
Amount spent on groceries  $200  -- 
Amount spent eating out  $24  -- 
Secondary Store (n=120)   
Shop at Chain Supermarket (%) 63% 80 
Shop at Supercenter (%) 29% 35 
Shop at Other (%) 8% 5 
Other Avenues for Food Shopping(n=186)   
Convenience 5% 10 
Dollar Store 46% 85 
Corner Store 5% 9 
Grocery Store 43% 80 
Super Center 57% 106 
Farmer's Markets 20% 37 
Road Side Stand 10% 18 
Homegrown Garden 19% 35 
Eating Behaviors (times per week)(n=186)   
Cook at home  4.97 -- 
Eat from fast food restaurant  1.32 -- 
Eat from non-fast food restaurant  0.8 -- 
Bring takeout from restaurant  0.59 -- 
Bring prepared food from supermarket  0.28 -- 
Have food delivered  0.13 -- 
Reasons for shopping at primary store (n=186)   
Close to where I live 73% 135 
Close to where I work 20% 37 
Easy for me to get to 69% 128 
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Has foods I like 67% 124 
Accepts food stamps 23% 43 
Is in a safe neighborhood 59% 110 
Located on a bus line 2% 3 
Has high quality products 46% 86 
Has the best prices 45% 84 
Ease of shopping 62% 115 
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Table 6 Perceptions of the local food environment and the association with diet and weight, North Carolina, 
2009  
 
Outcomes 
   
N=186 BMI Weight (Lbs)               F/VServing 
Food Store Access (a)  
 -0.83 [-2.39, 0.73] -1.52 [-11.13, 8.08]         0.14 [-0.34, 0.66] 
    
Neighborhood Availability 
 of Healthy Foods(b)    
Low Availability REF REF                            REF 
Medium Availability -0.92 [-3.76, 1.92]             -5.64 [-27.45, 16.15] 0.70 [-1.36, 2.77] 
High Availability -0.28 [-3.45, 2.90] -1.81 [-23.79, 20.18] 0.52 [-1.03, 2.08] 
    
 
Quality of Healthy  
Foods in Neighborhood (c) -0.01 [-0.81, 0.79] 0.84 [-5.02, 6.71] 0.31 [-0.01, 0.62] 
    
Food Store Availability  
of Healthy Foods(d)    
Low Availability REF REF REF 
Medium Availability 1.04 [-0.50, 2.59] 3.09 [-4.61, 10.80]        -0.44 [-0.93, 0.05] 
High Availability 1.22 [-0.22, 2.67] 5.49 [-4.42, 15.40] 0.25 [-0.29, 0.78] 
    
    
Food Store Affordability 
 of Healthy Foods(e)    
Low Affordability REF REF REF 
Medium Affordability -0.58 [-2.89, 1.73] -6.16 [-30.98, 18.66] 0.53 [-0.32, 1.39] 
High Affordability -0.29 [-2.19, 1.62] -2.86 [-21.46, 15.74] 0.90 [0.14, 1.66] 
 
p<0.05   
   
a) Easy access is defined as <5 miles as first inclusion followed by <10 minutes  
b) Neighborhood Availability low <=4, med 4-8, high >8; range 0-12  
c) Quality defined as continuous variable on likert scale 1-4  
d) Store Availability low <=10, med 10-14, high >14; range 6-16  
e) Store Affordability low <=5, med 5-12, high >12; range 0-16  
*Each block represents the coefficient for one separate model. All models adjusted for race, age, education, 
smoking status(BMI/Wt only) 
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Table 7 Objective food store environment, interactions between perceived and objective measures, and the 
association with weight and diet, North Carolina, 2009 
 
N=186 BMI Weight(Lbs)       Fruit/Vegetable                
  
Objective Neighborhood Store Availability    
All Stores (a)    
Low Neighborhood Availability  REF REF             REF 
Medium Neighborhood Availability 0.67 (-1.39, 2.73) 1.23 (-6.90, 9.36)  0.28 (-1.39, 0.84) 
High Neighborhood Availability 0.61 (-0.78, 2.01) -0.49 (-7.96, 6.99)  0.30 (-1.15, 0.54) 
Store Type    
Super Center 2.40 [0.66, 4.15] 14.72 [4.32, 25.11]    0.34 [-1.23, 0.55] 
Super Market 1.47 [-1.23, 4.16] 5.18 [-8.14, 18.49]    0.12 [-0.62, 0.86] 
Convenience Stores 0.21 [-1.46, 1.88] 2.03 [-11.39, 15.46]   0.76 [-1.59, 0.07] 
Super Center & Convenience  2.64 [0.02, 5.25] 17.86 [-1.21, 36.93]  -1.22 [-2.40, -0.04] 
Super Market & Convenience                               2.22 [0.74, 3.69]           3.27 [-6.21, 12.75]  -0.19 [-0.71, 0.33] 
Objective Access to Food Store(b)    
Easy Access REF REF REF 
Difficult Access  -0.11 [-1.95, 1.73] -0.12 [-13.75, 13.5]   0.10 [-0.39, 0.59] 
    
Objective Food Availability of Healthy Foods(c)    
(Include frozen and canned fruits and vegetables)    
Low Store Availability REF REF REF 
Medium Store Availability 0.65 [-3.03, 4.34]  5.71 [-17.06, 28.48]  0.67 [-0.75, 2.09] 
High Store Availability 1.13 [-2.34, 4.47] 8.89 [-4.79, 22.56]   0.73 [-0.77, 2.23] 
    
(Exclude frozen and canned fruits and vegetables)    
Store Availability 0.19 [-0.25, 0.62]   1.98 [0.47, 3.50]      0.18 [-.10, 0.46] 
    
Interaction of Perceived&Objective     
Food Store Availability (d)    
Low Perceived/Low Objective REF REF                         REF  
High Perceived/Low Objective NS 20.29 [2.65, 37.93]   0.53 [-1.91, 0.85] 
Low Perceived/High Objective NS                              10.62 [-19.77, 41.03] 0.30 [-0.32, 0.91] 
High Perceived/High Objective NS                              10.76 [-18.42,39.94] 0.51 [-0.77,1.78]  
p<0.05 
a) All store defined as low =less than 2 stores, medium store =2-7 stores in census tract, high store=more than 7 
stores 
b)    Easy Access defined as <5 miles as first inclusion followed by <10 minutes 
c)    Food Availability low <30; med 30-35; and high >35 range of 9-37 
d)    Interaction terms significant at p≤ 0.05 
NS = interaction term was not significant for BMI
  
 
 
VI. Perceived and objective measures of the food store environment as effect modifiers 
in diet and weight change among low-income women participating in a weight loss 
intervention 
A.Abstract 
Background: Strategies and methods aimed at improving weight and diet outcomes have 
begun to consider the environment as a potential level for change. There is little research 
examining how the food store environment may interact with individuals and diet and weight 
outcomes. The aim of this study is to determine how perceived and objective measures of the 
food store environment modify the effects of a weight loss intervention on diet and weight 
changes among low-income women.  
Methods: The food environment of weight loss study participants was characterized in three 
ways: 1) the number and type of food stores within the census tract; 2) availability of healthy 
foods in stores where participants shop, as measured by food store audits; and 3) an 
aggregate score of self-reported access (miles to store), and perceived availability of healthy 
foods in their neighborhood and primary food stores. 
Results: Multivariable general linear regression was used to model the intervention effect of 
weight or diet change with each food store environment measure as a modifier in the 
relationship. Among intervention participants who perceived their store low in availability of 
healthy foods those had a greater increase in fruit and vegetable intake [1.89 95% CI (0.48, 
3.31)] compared to controls who perceived their store low in availability of healthy foods. 
The intervention effect on fruit and vegetable intake was greater among those who perceived 
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their store low in availability of low-fat foods [1.85 95% CI (0.87, 2.82)].Lastly, the 
intervention effect on fruit and vegetable intake was greater among those who live in 
neighborhoods with low store density of super markets [1.62 95% CI (1.27, 1.96)].  
Conclusion: Results point to how the food store environment may be a modifier in fruit and 
vegetable serving change among low-income women participating in a weight loss 
intervention. 
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B.Introduction 
Strategies and methods aimed at improving weight and diet outcomes have begun to consider 
the environment as a potential level for change [108]. It has been suggested that studies are 
needed measuring the interaction between the individual and their environment to 
disentangle the effects of environmental characteristics from individual behaviors [3]. Cogent 
to reviews suggesting where the field needs to move [3, 17, 87] there has been a large 
upswing in environmental level interventions as a method for understanding and improving 
outcomes for weight loss and improving diet quality [17]. Yet, to date there is little research 
examining how the food store environment may interact or modify the relationship between 
individual level interventions with diet and weight outcomes[86].  
Research thus far has examined how socio-economic status modifies the relationship 
between the food environment and weight[7]. However, there are no published studies 
examining how the food store environment may be a modifier between a weight loss 
intervention with diet and weight change. Moreover, little research has examined the 
complex relationship between perceived and objective measures of the food store 
environment as modifiers in a weight loss intervention among low-income populations [4, 
104, 109].  
Low-income populations have higher rates of obesity[1] which has been hypothesized to be 
associated with the environment in which they reside [47]. Low-income individuals may live 
in deprived communities whereby they are exposed to lower quality, availability, and 
accessibility of healthy foods - ‘deprivation amplification’ [15, 97, 110]. Deprivation 
amplification puts individuals at higher risk for obesity, poor diet quality [111], and chronic 
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disease through the influence on consumption and purchasing habits [13]. Studies have found 
significant associations among low-income populations between the food environment with 
poor diet [68, 88] and higher weight [107]. Conversely, others have found food environments 
not to be associated with a higher weight or lower diet quality [52, 94]. The discrepancy in 
data suggests future research is needed to understand how the food environment may be a 
distal cause in the relationship between the individual, their environment, and health status 
[82].   
The aim of this study is to determine how perceived and objective measures of the food store 
environment modify the relationship between intervention and diet and weight changes 
among low-income populations.  
C.Methods 
Study Sample 
Individual level data were obtained by survey from women enrolled in a weight loss 
intervention trial (Weight-Wise) before the intervention began. Weight-Wise is an evidence-
based behavioral weight loss intervention shown to be effective in low-income women [90]. 
Participants were uninsured women age 40 to 64 years, with incomes at or below 250% of 
the federal poverty level, who had a body mass index between 27.5 and 45 kg/m² inclusive. 
Women were recruited from 6 county health departments in North Carolina (Davidson, 
Forsyth, Lincoln, Warren, Nash, and Pasquotank) representing 3 counties in the eastern part 
and 3 counties in the western part of North Carolina. Four of the six counties are classified as 
non-metro; while 2 are classified as metro[91] based on rural-urban continuum codes. A total 
of (n=189) women were enrolled in the intervention study. Details of the study design, 
intervention components, and baseline characteristics have been published elsewhere [90]. 
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The University of North Carolina School of Medicine Institutional Review Board approved 
and monitored this study.  
Study Design 
A randomized controlled trial study design was used to test the effectiveness of a 16-week 
evidence-based behavioral weight management intervention (the Weight-Wise Program). 
Weight-Wise was conducted in 6 counties in North Carolina; Pasquotank, Davidson, Forsyth, 
Lincoln, Nash, Warren with a staggered start beginning in January/March 2009 and ended in 
August 2009. Eligible participants were measured at baseline and then randomized to either 
delayed intervention (DI) group or the special intervention (SI) group, which received the 16-
week intervention. The DI group participants were controls, receiving no treatment, for the 
16-week intervention time period. The DI participants received the intervention after the 
control trial study period ended. The weight loss goal for the study is 10 or more pounds 
(≥4.5kg).  
Weight-Wise Intervention: 
The components of the intervention are based on previously developed and tested 
intervention materials. Diabetes Prevention Program leader’s guides[71] and adaptations of 
the PREMIER[72] guides for the Weight Loss Maintenance (WLM) trial were further 
adapted for low income midlife women[90].  
Group sessions: Weekly group sessions included 1.5 to 2 hours of face-to-face contacts 
delivered in the following format: Check-In, Session Topic (E.g. stress, eating out, or portion 
sizes), Activity related to diet or physical activity, and Goal-setting and action planning.  
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Measurement of Participants’ Food Environment 
The food environment of participants from the total sample of the Weight-Wise study was 
characterized in three ways: 1) the number and type of food stores within the census tract; 2) 
availability of healthy foods in stores where participants shop, as measured by food store 
audits; and 3) an aggregate score of self-reported access to healthy foods in the primary food 
store, availability and affordability of healthy foods in their neighborhood and primary food 
stores (perceived measures). Details on each of the methods below have been previously 
published (Gustafson, A et al Preventing Chronic Disease 2010). Briefly, each of the 
following measures is described below. 
 
Objective Measure of Neighborhood Store Availability 
Data on the number and type of food stores in all 6 counties were obtained from InfoUSA, 
Inc. (Papillion, Nebraska) in August 2008 and 2009 to assure accuracy in address over 
repeated times. First, food stores were classified based on supplemented Standard Industrial 
Classification codes (SIC codes) as used by previous studies to allow for comparisons [39, 
74], across the following categories; supercenters, convenience stores, and supermarkets and 
large chain grocery stores combined. Second, to assess number of stores in each participant’s 
census tract, home addresses were geocoded and matched to 2000 U.S. census tracts. Lastly, 
the objective neighborhood availability variable was dichotomized as ‘yes’ for having at least 
of each type of store in a census tract and ‘no’ for having none.  
Objective Measure of Food Availability in Primary Food Store 
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Specific food stores where women shop were identified from a survey question asking “What 
is the name and street of the grocery store where you do your primary shopping?” 
Information on the location of the food stores  named was obtained from the survey with 
confirmation being conducted by ground ‘truthing’ (direct observation of food store 
addresses) [12][82]. The in-store food availability survey was modified from the Nutrition 
Environment Measures Survey in Stores (NEMS-S) [67] to reflect the purchasing habits of 
the Weight-Wise study population, specifically low-income women living in the South [83-
84] and consisted of nine food groups. A tally sheet was used to determine if the food item 
was available in the store at the time of the audit or not. Each food item received one point 
for being available in the store. The range for healthy food availability in stores is 0 to 37 
points, with a higher score indicating a greater availability of healthy foods. Healthy food 
availability was categorized as low, med, high (tertiles) based on distribution of data and for 
comparison with other studies [68].  
 
Measure of Perceived Healthy Food Availability, Accessibility, and Affordability in 
Neighborhoods and Primary Food Stores 
Participants’ baseline self-report of their local food environment was collected via a phone 
survey after enrollment into Weight-Wise but before the intervention began. The survey was 
then administered again among all participants within 2-6 weeks after the intervention 
commenced, (post intervention). The survey questions were used to measure perceived 
access and availability of healthy foods in each person’s neighborhood (defined as the area 
approximately 5 miles around her home), as well as availability, and affordability of healthy 
foods in the primary food store. Each measure is described in detail below.  
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Neighborhood Healthy Food Availability 
To assess perceived neighborhood healthy food availability participants were asked the 
extent to which they agreed with the following statements for their neighborhood: 1) “a large 
selection of fruits and vegetables is available in my neighborhood;” 2) “a large selection of 
low-fat products is available in my neighborhood;” and 3) “the fruits and vegetables in my 
neighborhood are of a high quality.”  
 
In-Store Healthy Food Availability and Affordability 
Participants were then asked the extent to which they agreed with the following statements 
for their primary food store: 1)”A large selection of fruits and vegetables is available; 2) “A 
large selection of low-fat meat products is available (90% lean beef, skinless chicken)”; 3) 
“A large selection of brown breads is available”; and 4) “A large selection of low-fat cheese 
or skim milk is available”. The above 4 questions were asked to assess affordability. The 
total possible score on this measure was 0 to 16 with a higher score indicating higher 
perceived availability or affordability. 
Responses to all questions were coded on a five point Likert scale (0=strongly agree; 
1=agree; 2=neither agree nor disagree; 3=disagree; 4=strongly disagree). Responses from 
both neighborhood questions and food store questions were summed into 3 separate summary 
scores: neighborhood availability, food store availability, and food store affordability, then 
categorized into high, medium, and low availability or affordability (tertiles) based on non-
normal distribution of data.  
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Accessibility 
Access was defined in two ways 1) objective potential spatial access which was calculated 
from the network distance from the participant’s home to their primary food store; and 2) 
perceived access by asking length of time and distance traveled to the primary food store.  
A dichotomous variable was created to group access into easy or difficult access. Easy access 
was defined as living less than 5 miles to the primary food store as first inclusion criteria, 
followed by living less than 10 minutes. Difficult access was defined as living 5 miles or 
greater, followed by living greater than 10 minutes. The cut points of 5 miles or 10 minutes 
correspond approximately to the mean response, and are also consistent with the cut points 
used in prior studies[40].  
Definition of Outcomes 
BMI and Weight 
At enrollment, participants were weighed to the nearest 0.5 lb on an electronic scale (Seca 
770, Seca Corporation, Columbia, MD). Weight was measured twice and the average of the 
two measurements was used as the final weight. Height was measured with a portable 
stadiometer (Schorr Productions, Olney, MD).  Both height and weight were measured 
according to approved protocols. Body mass index (BMI) was calculated by using the 
participant’s height and weight (BMI = kg/m2). Change in weight and BMI was derived from 
post intervention BMI/Weight – baseline BMI/Weight.  
Fruit and Vegetable Intake 
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Fruit and vegetable intake was collected using a validated rapid food frequency survey [69], 
which assessed fruit, vegetable, and fiber intake. The survey is effective in identifying 
persons with high fat, low fruit/vegetable intake or low fiber intake. The fruit and vegetable 
serving change outcome was calculated from the Block score.  
D.Statistical Analyses 
One hundred sixty two (162) women were enrolled and randomized into either the DI or SI 
group. Of the 162 participants, 11 were missing data on weight or BMI, 4 were missing were 
data on fruit and vegetable intake, and 2 were missing data on the perceived food 
environment survey. The final analytic sample consisted of 145 women with complete data 
on all exposure and outcome variables. The 17 women dropped from analyses were not 
significantly different from the final sample based on key demographics (race, age, baseline 
BMI, and fruit and vegetable intake).  
Data analysis included descriptive statistics, paired t-tests, and Pearson chi-square to 
compare baseline and post intervention perceived food environment survey results. 
Multivariable general linear regression analysis was used to model the association between 
the intervention effect of weight or diet change and each food store environment measure as 
a modifier in that relationship.  Models with BMI and weight change as the outcome included 
baseline BMI or weight. All models included a cluster statement on county since women are 
nested within the 6 counties, allowing for calculation of which provides robust standard 
errors. Huber-White sandwich variance calculates the variance allowing for non-
independence. The type I error rate was set at 0.05 for main effects and interaction terms for 
all models. All analysis were conducted in Stata 11.0 [92]. 
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E.Results 
Table 8 shows the baseline demographics and perceived and objective food environment 
scores for intervention and control participants. There were no statistically significant 
differences between control and intervention participants. The mean BMI was 37.5 with an 
initial weight of 220 pounds in both groups. Both groups consumed about 4 servings of fruits 
and vegetables per day. On average,  both groups perceived their neighborhood above 
average in availability of healthy foods (8.5 ± 3.0 intervention and 8.2 ± 3.1 control out of 12 
points) and their primary food store above average in availability of healthy foods (12.7 ±2.3 
intervention and 12.6 ±2.6 control out of 16 points). The mean number of supercenters was 
slightly higher among controls (0.23 ± 0.42) relative to intervention participants (0.17 ± 
0.38). Additionally, both groups lived in neighborhoods with similar mean number of super 
markets (0.83 ± 0.38 intervention and 0.85 ± 0.36 control) and mean number of convenience 
stores (0.89 ± 0.32 intervention and 0.85 ± 0.36 control).  
Table 9 shows the changes in perceived food environment measures among intervention and 
control participants. Significant changes between baseline and post-intervention were found 
among intervention participants for the following: an increase in the amount of money spent 
on groceries and an increase in the score for perception of affordability of food in their 
primary grocery store. Interestingly, significant increases between baseline and post-
intervention were found among control participants for those shopping at road side stands 
and homegrown gardens. Additionally there was an increase in perception of in-store 
availability of healthy foods. 
Table 10 shows the results from models testing perceived and objective measures of the food 
environment as effect measure modifiers between intervention with weight and diet change. 
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Of all perceived and objective measures tested for interaction the following 3 models 
produced significant results (p<0.05): 1) perceived in-store availability; 2) perceived in-store 
availability of low-fat foods; and 3) objective neighborhood store availability. Of the 
significant interaction models the following effects were found. Among participants who 
reported low availability of healthy foods, the intervention group reported increasing their 
consumption of fruit and vegetables servings [1.89 servings (95% CI 0.48, 3.31)] more than 
controls who reported low availability of healthy foods.  Additionally, intervention 
participants who perceived their store low in availability of low-fat foods had a greater 
increase in fruit and vegetable intake [1.85 (95% CI 0.87, 2.82)] compared to controls that 
perceived their store low in availability of low-fat foods. Lastly, intervention participants that 
lived in a neighborhood with a low store density of supermarkets had a greater intervention 
effect on fruit and vegetable serving change [1.62 (95%CI 1.27, 1.96)] relative to controls 
with a low store density of supermarkets.  
F.Discussion 
The study finding of perceived and objective measures modifying the relationship between 
an individual level intervention with diet change offers insight into the complex relationship 
between the individual and their food store environment.  
A unique contribution to the field is this study’s capture of perception over time within a 
behavioral intervention. Results in changes of perception of the food environment among 
intervention participants suggest that although the mean amount spent on groceries increased 
the perception of their food store having affordable healthy items increased as well. The 
increase in perceived affordability within their store suggests the intervention may have 
indirectly brought about awareness about healthy food options that are affordable where 
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women shop. The finding suggests that how an intervention at the individual level can 
influence perception at the environmental level.  
A distinctive approach to our study was the simultaneous measurement of both perceived and 
objective measures of the food store environment among low-income populations. Most 
studies to date have focused on either perceived or objective measures [18, 39, 88, 96, 104], 
while only recently have studies begun to examine both types [4, 109]. By capturing 
perceived and objective measures, this study provides a deeper understanding of how 
individuals interact with their food environment and the associated dietary changes.  Results 
highlighting this complex relationship are reflected in the effect of the intervention on fruit 
and vegetable change varying by level of perception of the store where women shop. Such 
that, among women in the intervention group, those who perceived their store low in 
availability, had a greater increase in consumption of fruits and vegetable servings, compared 
to control participants with a low perception of their store. A possible explanation for this 
association is that the intervention brought about an increased awareness in the availability, 
or the lack there of, of fruits and vegetables in the store where women shop. Women who 
perceived their store low in availability of healthy foods at baseline perhaps learned where to 
locate additional stores that stocked affordable fruits and vegetables. This heightened 
awareness was transferred into action by augmenting their shopping habits and therefore 
consuming more fruits and vegetables.  
The intervention effect on fruit and vegetable change varies by neighborhood density of 
super markets. Such that, among women in the intervention group, those who live in 
neighborhoods with no super markets, these women had a greater increase in fruit and 
vegetable serving intake compared to controls without a super market in their neighborhood. 
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This results points to the possible individual ability to overcome a neighborhood with poor 
availability and still improve diet through an effective intervention. Our result not finding an 
association between high density of super markets with improved diet is surprising given 
other studies finding associations between neighborhoods with supermarkets and diet [49]. 
However, based on previous results (Gustafson, A et al Preventing Chronic Disease under 
review, 2010), it appears as though in rural landscapes neighborhoods with super markets 
may represent areas and stores with high availability of energy dense foods [70, 112-113] 
which overrides any benefit of availability of healthy food options [114]. This high 
availability of energy dense foods leads to less intake of fruits and vegetables regardless of 
the intervention effect.  
There are several limitations to this study. First, the small sample size limits the power and 
ability to detect associations. Second, objective food store addresses were collected from 
secondary data sources. The data source may misrepresent the true food store environment 
[12, 82]. Additionally, store classification was confined to super centers, super markets, and 
convenience stores. As results suggest, a substantial percentage of women also shop at non-
traditional food outlets such as Dollar Stores, which were not captured in defining the food 
neighborhood. The inclusion of such stores may add information about the true food store 
environment not depicted in this study. Third, the use of census tract for defining 
neighborhood may not reflect individual’s true neighborhood habits and exposure level. It is 
likely that some of the women living in the residential census tract where objective food store 
exposure was assigned do not actually define that area as their neighborhood. However, this 
misclassification of exposure is not likely to be associated with the outcome of diet or weight 
such that women who define their neighborhood in a different spatial area are not more or 
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less likely to be overweight or have a poor diet, and therefore unlikely to have biased our 
estimates. Fourth, multiple models were tested and results may be due to chance alone. 
Therefore, results need to be confirmed in future studies. 
G.Conclusion 
This study contributes to a growing body of research examining how the food store 
environment is associated with diet and weight, especially among low-income populations. 
Our results point to how the food store environment may be a modifier in diet and weight 
change among low-income women participating in a weight loss intervention.  
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Table 8. Baseline participant characteristics mean (SD) or percent, North Carolina, 2009 
 
   
 Intervention Control 
 n=92 n=53 
Demographics   
age (years) 52 (7.4) 52(6.7) 
education (years) 13 (1.9) 13 (1.8) 
smoke (%) 14% 17% 
employed full-time (%) 35% 23% 
income (≤$29,000) 67% 68% 
Race   
White 40% 42% 
African American 59% 55% 
Other 1% 3% 
Baseline Weight and Diet   
BMI kg/m²  37.5 (4.7) 37.4 (4.7) 
Weight lbs  220 (35) 220 (26) 
Fruit and Vegetable Servings 4 (1.8) 4 (1.7) 
Perceived Healthy Food in Neighborhood*   
Availability (Range 0-12) 8.5 (3.0) 8.2 (3.1) 
Perceived healthy food in primary food Store*   
Availability (Range 0-16) 12.7 (2.3) 12.6 (2.4) 
Perceived healthy food affordability in primary food Store*  
Affordability (Range 0-16) 9.6 (3.4) 9.5 (3.4) 
Perceived primary food store Access**   
Miles 4.7 (5.0) 5.7 (5.8) 
Objective Neighborhood Availability*   
Super Centers 0.17 (0.38) 0.23 (0.42) 
Super Markets 0.83 (0.38) 0.85 (0.36) 
Convenience 0.89 (0.32) 0.85 (0.36) 
Objective Food Store Availability*   
Food Store Score 34.7 (2.5) 33.8 (4.4) 
Objective Access**   
Miles 6.0 (6.2) 5.6 (5.6) 
 
  
*Higher scores indicate greater availability or affordability of healthy foods at the store and neighborhood level  
** Access = reported or calculated miles from home to primary food store  
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Table 9 Pre-Post-intervention perceptions of the food store environment (mean (SD) or percent, North 
Carolina, 2009 
      
        
 Intervention (n=92)   Control(n=53)   
 Pre   Post Change Pre Post Change 
Primary Store   p=0.24   p=0.78 
Super Market 71% 63%   79% 79%  
Super Center 29% 37%   21% 21%  
Frequency of Shopping   p=0.14   p=0.78 
2 or more times per week 46% 43%   45% 53%  
1 time per week 25% 30%   21% 25%  
2 to 3 times per month 22% 22%   30% 19%  
1 time per month 9% 4%   4% 4%  
Amount spent on groceries (dollar) 196(129) 238 (153) p=0.04 189 (126) 
 
195(120) p=0.79 
Other Avenues for Food Shopping        
Dollar Store 39% 33% p=0.30 49% 36% p=0.45 
Grocery Store 49% 53% p=0.21 38% 60% p=0.23 
Super Center 54% 42% p=0.24 60% 58% p=0.19 
Farmer's Markets 20% 13% p=0.20 19% 13% p=0.74 
Road Side Stand 8% 8% p=0.43 4% 9% p=0.05 
Homegrown Garden 17% 22% p=0.73 11% 23% p=0.01 
Perceived Neighborhood 8.5 (3.0) 9.0 (2.5) p=0.25 8.2 (3.1) 9.2 (2.6) p=0.11 
Perceived In-Store Availability 
12.7 
(2.3) 13.2 (2.5) p=0.37 12.6 (2.4) 13.2(2.5) p=0.03 
Perceived Affordability 9.6 (3.4) 10.6 (3.4) p=0.004 9.5 (3.4) 11 (3.6) p=0.34 
p≤0.05        
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Table 10 Intervention effect on fruit and vegetable serving change within each level of food store environment 
measures, North Carolina, 2009 
 
 
 
Daily Fruit & Vegetable Serving Change   
Perceived   
In-Store Availability(a)   
Low Availability 1.89 [ 0.48, 3.31]  
Medium Availability  0.33 [ -0.92, 1.58] 
 
 
High Availability -0.66 [ -3.14, 1.82]  
   
In-Store Low-Fat(b)   
Low-Fat Availability (Low) 1.85 [0.87, 2.82]  
Low-Fat Availability (High) 0.01 [ -1.00, 1.02]  
   
Objective    
Neighborhood Store Availability    
Census Tract(c)   
Super Market (Low Density) 1.62 [ 1.27, 1.96]  
Super Market (High Density) 0.05 [ -1.02, 1.11]   
    
a-c) Reference for each model is control group for that level of perceived or objective measure 
p≤0.05    
  
 
 
VII.Summary and Recommendations 
Taken together the results of this dissertation suggest that the food store environment is a 
determinant in diet and weight status among low-income women. However, future research 
needs to refine and tailor methods for measuring and defining the food store environment 
among low-income and rural populations [3, 12]. Despite the limitations of this study, the 
results presented in this dissertation offer an increased understanding of the interaction 
between the individual and the environment and subsequent health outcomes. Specifically, 
findings from this dissertation provide further  understanding of the following 1) how 
perceived and objective measures of the food store environment are needed to complement 
each other in order to explain different constructs related to the food store environment; 2) 
methods for measuring the food store environment are different for rural and low-income 
populations; 3) in-depth measurement of access, in-store and neighborhood availability, and 
affordability of the food store environment highlights how each factor independently may or 
may not explain associations with weight and diet; 4) the significant interaction between 
perceived and objective measures at the store level highlights how these two constructs 
influence and complement each other to provide a deeper understanding of how individuals 
respond to their food store and resultant consumption; and lastly 5) the significant interaction 
between the food environment with an intervention and weight and diet suggests individual 
level interventions aimed for weight loss can influence perception at the store and 
neighborhood level which has subsequent important outcomes related to an improvement in 
diet.  
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A.Review of Findings 
In aim 1, found in chapter four, a comparison of perceived and objective measures of the 
food store environment was conducted. Results showed there were significant differences 
found between perceived and objective measures of the food store environment. 
Additionally, results highlighted how defining the food store neighborhood produced varying 
results relative to perception of the neighborhood environment. Such that if the neighborhood 
was defined with a buffer zone the perception of that neighborhood was different relative to 
if the neighborhood was defined with a census tract for super markets. Research thus far has 
not been able to make a conclusive recommendation on how to objectively define an 
individual’s neighborhood [12, 15, 79]. This study adds further evidence to the discussion 
and suggests that in rural and semi-rural populations perhaps different spatial boundaries are 
needed relative to urban landscapes. Additionally, this dissertation posits that perhaps 
perception of the food store neighborhood offers explanatory value when measuring the 
neighborhood food store environment.  
To further explore the association between the food environment with diet and weight, aim 2, 
found in chapter five, used both measures cross-sectionally to assess the association with diet 
and weight. Unique results from this aim were found among women who live in census tracts 
with super centers. These women were more likely to weigh more compared to women who 
lived in neighborhoods without super centers. In certain rural and semi-rural communities 
supercenters are becoming commonplace, yet are still built far away from where residents 
live [106], and perhaps this type of development represents an obesogenic promoting 
environment [115]. It is too simplistic to suggest that supercenters create obesity, it is more 
plausible that in rural and semi-rural communities, who already have high rates of obesity 
[116], rural landscapes are conducive to building large expansive type of stores [114] which 
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also may have higher density of fast food restaurants, less areas for recreation and physical 
activity, and represent a rural type of ‘food swamp’ [70, 113-114]. This type of rural food 
swamp has easy access to less healthy food and more difficult access to resources for 
physical activity and thereby may increase the rates of obesity. Since our results did not find 
associations between neighborhoods with supermarkets and lower weights or higher 
consumption of fruits and vegetable servings, as previous studies have [39, 88] it is highly 
possible that in rural neighborhoods access to cheap energy dense foods outweighs any 
potential benefit of neighborhoods with supermarkets [70, 113].  
Results which explain how the objective food environment may influence the perceived 
environment is found among the models testing the interaction terms between perceived and 
objective measures.  As mentioned earlier this study adds to the literature by highlighting 
how the objective environment influences individual level perception. To date many studies 
have relied on either objective or perceived measures. This aim was able to capture many 
facets of access, availability, and affordability from the individual, neighborhood, and store 
level. Although there are several limitations to the design of this study along with 
measurement issues this study suggests that collection of various levels of the food store 
environment are needed in order to gain a deeper understanding of how the food environment 
is associated with diet and weight, especially among low-income individuals.  
To further develop our understanding of the food environment with diet and weight the third 
aim of this dissertation was to determine how the food environment may modify the 
relationship between a behavioral weight loss intervention with diet and weight change. 
Research thus far has been able to show that the food environment is associated with diet and 
weight, but no studies to date have examined how this relationship may change over time 
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within an intervention. The environment in which a person resides may impact to a greater or 
lesser extent their ability to access, purchase, and consume foods which promote weight loss. 
For any given individual their environment may inhibit their efforts to lose weight.  
Interventions aiming for the greatest weight loss can benefit by examining where an 
individual lives and tailoring weight loss approaches based on their food store environment. 
Results from this study suggest interventions may benefit from measuring the food store 
environment and bringing about awareness to individuals faced with environmental barriers 
at the store or neighborhood level.  
B.Recommendations 
Aim 1 
How to define a neighborhood 
There is growing attention aimed at measuring the food environment in which people reside. 
Yet, before any associations can be made between the environment with outcomes there 
needs to be increased focus on how to define and measure the food store neighborhood, 
especially among low-income and rural populations. Rural populations differ in landscape 
relative to urban populations. Yet, few studies have begun to examine how to accurately 
capture the food store environment in rural settings [12]. Future studies need to examine 
what spatial definition of neighborhood is most relevant and clinically meaningful for rural 
populations. The strength of this dissertation lies in the collection of in-depth measures and 
information on food availability at the neighborhood and store level. Yet, consumer shopping 
and travel behavior was not collected which limits our understanding of how individuals 
operate within their neighborhoods. A better understanding of spatial behavior moves from 
merely the supply of stores, or of food within stores, to how people make decisions based on 
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the spatial features around them [117]. Collection of these measures is needed in future 
studies to gain a deeper understanding of behavior within the context of neighborhood.  
Capture an evolving food landscape 
Moving forward research needs to remain flexible and current in types of stores to collect 
and how best to collect those store addresses. As our results have indicated women shopped 
in a variety of stores to obtain food (Dollar Stores, Farmer’s Markets) and to date there are 
limited studies capturing non-traditional food outlets [12]. With an ever growing demand for 
food that is fast and cheap there is always new and innovative ways in which the market 
place creates new food outlets. Research needs to remain flexible and current in being able to 
capture the different methods of food procurement to help truly explain how the food 
environment may be associated with diet and weight. Second, collection of store addresses 
through secondary data sources (national data bases such as InfoUSA) may not always 
present with the most accurate results [118]. Inaccurate secondary data may misrepresent the 
true availability of food stores which can misestimate the true nature of environment with 
health outcomes.  Through methods such as ground truthing [82] and participation of 
community  members at the local level a richer understanding of what is available and 
accessibility may provide a more accurate estimate of the food store environment. Future 
research needs to involve community members in describing what is available as well as 
using current observation based methods.  
Move beyond cross-sectional studies with objective measures 
To fully understand the complex nature of the food environment both perceived and 
objective measures need to be collected. Further clarification of both individual measures of 
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access and area measures of access are needed [119]. It would be useful to understand at a 
larger population level over time the degree to which individuals who report limited access or 
availability live in neighborhoods that are considered to be low in availability and/or access. 
Although this study provides these measures and insights it is among a homogenous small 
sample and not over time. Longitudinal data on food intake, perceived and objective 
measures of the food environment could help to differentiate the causal pathways between 
access and consumption. A few longitudinal studies have taken place, even though causality 
is not yet clear. For example, in one study results[120] confirmed that higher prices of fruits 
and vegetables were linked to greater increases in children’s weight over time. In the Moving 
to Opportunity study of families who had moved from poor to non-poor neighborhoods 
[121], BMI was significantly reduced, although the reasons for this are not understood. Yet, 
these results do not provide in-depth explanations for how changes in the food environment 
over time are associated with changes in diet or weight. Clearly challenges exist in what how 
to define and measure the food environment as well as determining what aspects of the food 
environment to include. However, by linking changes in objective measures of food 
environment, perception of food environment, and subsequent food intake and shopping 
patterns better causal statements can be made.  
Aim 2 
Policies aimed at both food swamps and food deserts 
Targeted policies aimed at improving food options and the overall food landscape in rural 
and semi-rural communities may help to reduce the rates of obesity and improve diet. A 
recent review by the USDA indicates that simply improving access to healthy food may not 
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alone reduce rates of obesity [119]. Obesity rates may have more to do with availability of 
high energy dense food rather than the difficulty of finding fresh, healthy options. Based on 
the findings in aim 2 coupled with recent evidence reviews [5-6, 47, 87] on the role of the 
food environment the following recommendations are suggested. 
Provide bonus food stamp dollars for fresh produce and evaluate in longitudinal studies 
The farmer’s market nutrition program (FMNP) provides vouchers to mothers through WIC 
(Women, Infants and Children), as well as seniors to purchase fresh fruits and vegetables at 
local farmers markets. With the Double Value Coupon, low-income customers receive twice 
the amount of fruits and vegetables at participating farmers markets. In several states these 
programs have started but little research has been conducted in determining if increasing the 
buying power of federal food stamp recipients improves diet quality. Of the limited studies it 
does appear that those receiving farmer’s market coupons increase their reported daily fruit 
and vegetable intake [122-123]. However, this policy aims to improve the affordability of 
fresh produce and does target improving access or availability. From our findings indicating 
those who perceived their food affordable consumed more fruits and vegetables a policy 
approach aimed at improving purchasing power may have sustainable and meaningful 
impact. Yet, before any broad policy recommendations future research needs to conduct 
longitudinal studies to answer the question of causal inference. Such that do the presence of 
farmer’s markets without monetary incentives effect nutrition-related outcomes. Or is merely 
increasing affordability or purchasing power of fruits and vegetables sufficient to affect diet 
[124]. These research questions can potentially be answered through future longitudinal 
studies aimed at low-income populations.  
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Improve healthy food options in existing stores  
Improving the product availability as well as decreasing the amount of shelf space dedicated 
to energy dense foods, while also taking into consideration price and quality is a strategy to 
enhance availability of healthy foods in underserved communities. This strategy builds upon 
existing resources and may be more feasible in some rural and low-income communities that 
face significant challenges to developing new stores.  Results from this dissertation highlight 
how the objective availability of healthy foods in stores influences perception at the store 
level. Additionally, there is evidence to suggest that improving healthy food options within 
stores is feasible, cost-effective, and may influence intake [87, 108, 125]. Taken together 
there is promising evidence to suggest this type of intervention may improve diet.  
Aim 3 
Community based interventions for improving availability 
The last recommendation is based on results from this dissertation as well as evidence from 
current findings in the field [126-127]. This dissertation found that the food environment 
modifies the relationship between individual level interventions with diet. However, the 
behavioral weight loss intervention aim was not to improve perception of the environment. 
What is promising about the results presented in this dissertation is that behavior based 
interventions may influence perception of the store and neighborhood level indirectly. This 
indirect increase in perception may then result in behavior change and lead to community 
members seeking changes in their own neighborhoods. Not much is known about why or 
how individuals live in the communities they do. Low-income individuals are more 
constrained in these choices than high-income individuals. However, community level efforts 
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aimed at improving awareness of what is available in neighborhoods may facilitate 
interventions lead by individuals to improve access and availability at the ground level.  
C.Conclusion 
In summary this dissertation has provided further evidence for the need to measure both 
perceived and objective measures of the food environment. Furthermore the in-depth data 
collection at the store and neighborhood level within an existing intervention sets the stage 
for future research to develop and test food store environment measures relevant for low-
income and rural populations. While this research has provided sound evidence for the 
association between perceived and objective measures further research needs to refine 
methods and conduct measurement over time.  
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